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EDITORIAL NOTES. 


THE RESPONSIBILITY OF THE LONDON COUNTY COUNCIL. 

In our previous issue vve dealt at some length with the question of the large 
number of existing buddings in the metropolis that do not comply with 
the* requirements of the Building Acts (Amemlment) Act of 1905 as far as 
safety from fire is concerned, and — as we anticipated — a \ast amount of argu- 
ment and correspondence— both confirmative and the reverse — has arisen from 
what we published. Not only have we been the recipients of numerous com- 
munications on the matter, but we* see that lK)th the daily and the technical 
Press in general have now accorded space to the subject editorially and by the 
insertion of lettois, although none fwive perhaps “called a spade a spade” 
quite .'is plainly as we have. For the considerable amount of valuable support 
received from our contemporaries we would here immediately tender our besi 
thank’s. • 

^ Again, in the council chamber of the London County Council, of the Ken- 
sington Borough Council, and of other cor[X)rate Ixjdies, the subject-Aatter 
of our editorial has been under comment. If we are rightly informed, there 
has even been a deputation on behalf of the shop as.sistants in the matter before 
the Building Act Committee at Spring (hardens. But for all this, there has 
been no definite public declaration on \ht County Council’s behalf th.it the 
present lamentable state of affairs is to be remedied, .and that the public is to 
be safeguarded in such a manner as was intended under the Building Act 
referred to. 

It thus behoves us again to call the attention of the members of the London 
County Council and other authorities to the extraordinary scandal in our 
miejst, for which, up to the prd?»tj[t, the spokesmen of the London County 
Council have apparently been only anxious to find excuses, but have not 
promisjpd prompt and effective remedy. 

There is one point in particular that we must deal with next — we spoke 
of some 50,000 buildings awaitingfattention, i.e,, buildings under the self-.same 
Section 9 of the Building Acts (Amendment) Act of 1905, under which prernises 
like those of Messrs. Barker come. We pointed out that not ose thousand of 
these cases hj^d, so far, been put in order in the intervening seven years. We 
gave the Council even greater credit than necessary — the exact number to June 
last was only 527. But, further, it v\t)uld appear, instead of our having 
to deal with 50,000, there are actually somewhere betweenr 93,000 to 94,000 
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structures awaiting the Councirs pleasure, for, in addition to those under 
Section 9, there k now officijil evidence available that no fc.wer than 48,566 cases 
have been duly ratified to the London County Council under^ Sections 10 to 12, 
and that only 351 under Section ii, and 4,430 under Sections 10 anciui2, have 
so far been put in order, or exempted from the operation of the Act. In other 
words, close on 44,000 cases are awaiting atfention under the three further 
sections of the Act. * • 


THE EXISTING POWERS. 

To make ourselves quite clear, wc would remind our renders that there Is 
a Section 9 that affects buildings that are tall, or in vrtiich more than twenty 
people “ live ” or are employed. There is Section to that relates to projecting 
shops; a Section ii relates to certain dangerous stores; and a Section 12 
affecting a number of minor structures. The buildings under Sections 9 and 10 
are those most in the public eye. For those under Section 9 it required seven 
years to put 527 buildings in order, and under Sectiolts 10 to 12 it has required 
seven years to put into proper order, or exempt, some 4,781 cases. Wc wonder 
if the public realises what this rate of progress#means, for it would almosit seem 
that five centuries would he required to deal with the buildings under Section 9, 
and quite half a century to deal with thos(i under other sections named. 

Now in a communication which we print in another column (page 64), the 
figures are not only summarised and confirmed, but the causes of the existing 
state of affairs indicated, and certain useful suggestions are made as to the 
remedy. 

SOME SUGGESTIONS. 


We offer no comment on the causes. They are publi(f knowledge. As to 
the suggestions, we give them here seriatim, with an expression of opinion 
that they are feasible and economic, and would, if adopted, give us safer 
buildings without undue delay. They read as follows : — 

(a) A public announcement in the Press (to be repeat(*d monthly) that it intends 
to have the whole of the work under the Building Acts (Amendment) Ac^t of 
1905 remedied by January ist, iqi8, the public announcement to be followed 
by two circular noti('es in the 44,000 notified cases under Sections 10 to 12. 

(b) An immediate instruction to the District Surveyors to notify to the ('!ouncil, 

say wdthin six months (as set out in Section 17) all cases they consider to come 
under Section 9 — a matter that has been practically neglected during the past 
seven years — and immediately upon receipt of these notifications an issue of 
two circular notices to* owners concerned that the Council are prqjared to 
receive suggestions accompanied by pljjns with proposals as to convenient 
dates for carrying out the necessary stipctural improvements, and are fwepared 
to assist in every possible wsiV applicants who volunteer plans and off<T practical 
remedies. The circular notices should indicate certain primary* principles 
desired by the Council, such as alternative routes of exit from workslftps and 
dormitories. « 

(c) A cancellation of the existing embargo tkat the fifty District Surveyors are not 

to prbss the .execution of work un^er Sections 10 to 12 in their respective 
dtoicte, and in place of that embargo an instruction that they shall see Ihat 
^ wnolo of this work is carried out by 1918 or earlier, the instruction to set 
oillt certain guiding principles as to remedies and also grounds* for exemption. 
As to any recommendation for exemption signed by the local 

District StKh?eybr and tw# adjoining District Surveyors should he accept 
ipsq facto Building Act Committee as a prima facie case for exemption 

fiirther investigation or expense* 
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(d) The energetic enforcement in 1913 by legal proceedings of at least one 
notoriously b|Ki casc^ under Section 9 and one under Section &o in each district 
as an earnest of the Council’s intentions. / • 

(c) TJy? formation of several Sub-Committe<‘s of three in the Building Act Com- 
mittetj to sit weekly to accelerate the decisions requiring the Committee’s 
attention under the 1905 A«t, with the necessary strengthening of the Superin- 
tending Architect’s personal staff and the staff of the Committee Clerk. 

* (/) The immediate strengthening oT the “ Escape ” branch in the Building Act 
Department by five managing assistants^ twenty senii>r assistants, twenty 
, junior assistants, and twenty clerks, etc., all on the temijorary establishment, 
the staff to work by areas, and each senior assistant to follow his own case from 
beginning to end, ^11 modern met'hanical equipment and facilities to be used to 
• accelerate the work, including photography and mechanical copying instead of 

tracing. 

(g) 'Fhe publication quarterly of a list of building owner? who have complied with 
the Building Acts (Amendment) Act of 1905 and the addre'sses the buildings 
that have Invn put in order. ^ 

In conclusion, we wotld only emphasise the necessity of prompt action on 
the Council’s part. Otherwise the Council may unexpectedly find its functions 
largely®s.uperseded in this particukir direction in a manner least expected. Lon- 
don cannot be ^allowed to stand as an instance of sluggish administration in 
matters of public safely, for it happens to- be the Imperial capital of an Empire 
to whi('h other municipalities should look up to, not the reverse. 


“laONMONGERS." 

Accordinc. to Webster’s dictionary of the English language, an ironmonger is 
a “duller in iron or hardware,” and hivrdware is ” the general name for all 
articles made of iron?” 

finder this definition several distinguished presiding officers of corpora- 
tions, such as the Institution of Civil Engineers, or the Iron and Steel Institute, 
would from time to time certainly come. Yet, if their vocation were so 
described by their fellow officers, or by any individual member of these institu- 
tion!!, they would no doubt resent it as something derogatory, no matter how 
estimable ironmongers as a class may be. 

At the Concrete Institute, at two of its recent meetings, the term ” iron- 
monger ” was bandied about in this derogatory sense, with a view to describing 
concrete specialists generally, and particularly such specialists who sell reinforc- 
ing bars and other accessories for the construction of reinforced concrete 
buildings. Now, if the proceedings of the Concrete Institute were private, there 
is no reason why individual member? of council should not give full expression 
to their views ; but the proceedings being public, such views and classifications 
do not !ldd either to the dignity of the institution concerned, nor do they assist 
in furthering the subject# there under review or advance the status of those 
concerned, be they members of the t^hnical professions in the highest sense, 
captains of industry, or the lesser lights of the commercial firmament. 

The Concrete Institute is wisely constituted of professiona? men in the 
hjghest sense, 'professional men connected with the industries concerned, and 
others engaged in the execution of contracts fqp the erection of structures, or 
the purveying of materials necessary thereto. It is only by active, cordial co- 
operation between the different elements concerned that an advance is likely' to 
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be made, either in the scientific investigation or practical apjilication of concrete 
or reinforced corlcrete, a subject essentially dependent on the results of sciencc- 
tum-industry. The Institute was formed solely by the co-operation of these 
two elements, for those concerned purely in the industrial side a«j far too 
jealous of one another to allow of their cohesion^as a separate entity, and even if 
such a cohesion were possible, their views would have as little weight with the 
world at large as that of any of the other very estimable, but purely ex parte, 
industrial associations. * ^ 

Again, the professional and scientific side of the Institute’s work would lo*se 
immeasurably by the absence of co-operation from the cJinmercial element which 
includes men of considerable technical eminence and experience. 

For either element ^to commence to wrangle with the other, bt'cause there 
happen to b(? a few black sheep, is regrettable — the black sheep, it should be 
added, being common to both elements — and the sooner unseemly difl'crences 
of this description are relegated to oblivion the bettSr for the advancement of 
concrete and reinforced concrete and the progress of the Concrete Institute in 
particular.*. 
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The nev) Sfaf/onery Office for H,M, Office of Works 
when completed, rank among the largest reinforced 
" land* There are many 
and not least 


concrete straciares erected in Engt 
points of special interest in this baildingt 
among them the steel gantry employed in its construction. We hope at a later period to supple- 
ment the present article ty a further one dealing with the structure when it is more advanced. 
This article has been prepared for us b^Mr. Albert Lakeman, Hon. Medkllist Construction. -ED. 


'I'his new building is highly important from a constructional point of view, 
as Ae methods employed are quite unique, as will be seen from the accompanying 
photographic views, 'the fact^that reinforced concrete is adopted by the 
(iovernment for .1 structure of this magnitude is evidence of the .ilmost universal 
opinion that ft is by far the most suitable m.iterial where fire-resistance, 
economy, and rapid erection are the primary considerations. 

'J'he whole scheme consists practically of two blocks, the smaller of which 
is to be used as ollices and the larger as a warehouse, a portion of which will 
be devoted to H.M. Oflice of Works. Some idea of the magnitude of the 
building, ^^hlch has been designed by Mr. R. [. Allison, A.R.I.H.A., 
Architect, H.M. €)ihce of Works, can be gathered from the general 
dimensions, which are as follows: — Frontage to Stamford Street, 323 ft., 
10 Cornwall Road i8g ft., to Doon Street 377 ft., and to Waterloo 
Road lobfl. 1 'he site is practically an island one, with the exception that 
a large portion at the south-west corner is occupied by the Royal Waterloo 
Hc^pital for Women and Children, and a small street called Razon Street cuts 
between the oflice and warehouse blocks and gives access to the back entrance 
of the hospital. The tw^o blocks will be connected, however, by a bridge which 
is 40ft. wide, and constiltutes puacitically a building above the first-floor level. 
The average height of the main front walls above the pavement level will be 
77 ft., and there are seven floors in the warehouse portion and eight- floors in 
the office block, including the sub-ground and basement, the height generally 
from floor to floor being 10ft. bin. Jn the former and ii ft. in the latter. The 
present contract provides for a floor area of about 380,000 superficial feet, 
but a i^ex tension has been arranged for consisting of a fifth floor and the cover- 
ing of one corner of the gite adjacent to Doon Street and Cornwall Road, which 
will provide a further 100,000 superficial feet, or a total of roughly eleven 
acres for the complete scheme. The«general disposition of the ground floor is 
shown on the plan illustrated in Fig, i, where the complete sd]|eme is given. 
It will be seen that three large internal areas are provided in the H^arehouse for 
lighting purposes, and there are two in the office block. A coveredjoading yard 
and platform is provided adjacent tO Doon •Street, and the goods will be 
handled here and despatched to the various parts of the buildings by means of 







Fifi. 2. Elevation to Waterloo Road. 
H.M. Nkw Stationery Office. 
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loading yard and platform will be proy e ^ ^ Office of Works Stores 

rp.°: r. ^"/arLrirrj;:^^ r;aSo„ » ... ,» 
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* a,^ r™- nmsene-ers— one in the warehouse and one in the office block 
— a^nd also a goods lift in the latter to supply the top floor, where a ^‘''1^ 

photographic views; and, n^oug 
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in<itance in which tlWy have been used in building work. These gantries have, 
in fact, been modelled on the lines of those used in shipyards, and it is 
believed that they will effect economy in time and expenditure as a>mpared 
with the*tisual type .of derrick crane. It will be interesting as an experiment 
to see how far the hopes of th^ designers are realised, and it will certainly be 
found extremely convenient to have the whole site practically unobstructed and 
available for working at all times. * 




The vertical lattice %iembers of the gantry are placed in three rows at 
distances apart of 8i ft., 66ft., and 66ft., and the cross girders are built up 
of steel .sections in open lattice type, used in pairs, well braced acro.ss the top 
and stiffened by diagonal struts betw'een each pair to' give strong and light 
design. Elecfrically-driven travellers run over and serve the whole area, and 
they are each capable of hoisting or lowering; and of travelling in transverse 
or longitudinal directions. They can handle 300 cubic yards per day, and 
are capable of lifting the full load .of 30 cwts. ; and while carrying this load 
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can lift at 150 ft. per 
minute and travel cross- 
ways at 150 ft. per 
minute, or longritudinally 
at 480 ft. per minute. 

A powerful automatic 
brake is provided, cap- 
able^ of sustaining^ the 
load, and arranged lor 
lowering by gravity ; 
and there is a foot-lever 
b?ake for controlling the 
longitudinal movement 
of the crane. A platform 
with hand-railing is pro- 
vided alongside one of 
the cross girders, aand the 
controllers are placed 
in a cage fixed under- 
neath the cross girders. 
The erection gantries 
were put up by means of 
small derrick cranes, 
which travelled in 
trenches, the upright and 
longitudinal m e m e r s 
being erected in the first 
instance, and the end 
girders being then pulled 
up by little cranesr af the 
lop, which will remain 
in position and be util- 
ised in the taking down ; 
the girders being re- 
mov€^ in the first 
instance and the uprights 
being taken dowA in ^ 
sections. 

The buildinl^ itsel 
is being erecttjd on the 
Hennebique system, de- 
signed by Messrs. L. G. 
Mouchel and Partners, 
Ltd., an<f the whole of 
the concrete is being 
machine-mixed with 
three Ransome patent 
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concrete mixers, one of which is illustrated in Fig. 4. The soil was found to 
be composed of 10 ft, of made earth with about 16 ft. of gravel underneath rest- 
ing on blue clay, and the whole of the foundations are takei> down well intQ 
the gravgj soil and designed to give a maximum pressure of 3 tons i>er square 
fool. The buses to the columns are carried down generally to a depth of 
about 8 ft. below the basement floor level, and these are octagonal on plan, 
as illustrated on Fig. 5. This is a most economical f(irm and it has a maximum 
thickness of 2 ft. 9 in. adjacent to the adunin, splayed down to 4 in. at the 
extreme outer edg^s in the particular example illustrated, while the greatest 
width shown at L in tthe diagram is about 10 ft. The disposition of the 
reinforcement is sufficiently clearly shown to need no detailed explanation, as is 
also the method of taking the vertical lines of reinforcement into the foundation 
slab. Very few of the foundation slabs were square, and in all such cases the 
loads were comparatively smygi^. 

The retaining walls, generally speaking, are formed with 6-in, slabs, 
stiffened by horizontal beams at the top and bottom, and with counterforte 
about 7 ft. apart, while short fross walls are carried back to the columns 
supporting the outside walls, which arc spaced at intervals of about 20 ft, The 
height of the walls vary considerabl)^ owing to the different level of the roads, 
but the same principle of construction is employed throughout. The columns 
arc spaced generally in rows 20 ft. apart at intervals of 15 ft. 2 in., and some 
typical details are illustrated in Fig. 3, where it will be seen that the size of the 
ground floor varied from 20 in. square to 23 in, square, with eight to twelve 
lines of vertical reinforcement well lied with links, 10 in. apart, in all directions. 
A typical conncctioi^ between the columns is also given showing how the bars 
arc tx>nnectcd with socket pipes. ^ 

One rather important jxiint in connection with the construction is that 
dealing with the proportions employed for the concrete. This is somewhat 
different from the usual mixture, it being composed of one part of Portland 
cement, one part of sand, and two parts of ballast for columns. The 
remainder is as follows : i cwt. cement, 2 cubic ft. sand, 4 cubic ft. ballast. 
It will be seen that the mixture for columns is much richer than that 
generally used, and in consequence a greater stress is allowed on the 
concrete per square inch, and a smaller quantity is used in consequence. 
It is claimed that economy is effected in this way, as the reduction 
in the quantity of concrete obviously reduces the loads to be carried 
and- thus the sizes of the members are reduced throughout. The floor 
loads have betm calculated at 3 cwts. per .sq. ft. for the ground floor of the ware- 
house and 2^ cwts. for the upper floors, while in the offices the allowance is 
TOO lb. per sq. ft. for all, floors and 65 lb. for the roofs. Tliese loads arc in 
addition to the weight of the floor itself, and the slabs are only 3^ in. thick 
in the warehouse and 3 in. thick in th^? ofifioes. These floor slabs are carried by 
secondary beams, which are in turn carried by main beams ; and> tlie whole of 
the skeleton reinforcement, wherever possible, is built up cofmpletely before 
being placed in ^he moulds, as this is considered to be cheaper than building 
up in the moulds and, furthermore, ensures more accuracy in the ^placing of 
the rods. The external walls generally are 4 in. and 6 in. thick, and the front 
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of the office block facing* Waterloo Rond will be faced with. Portland stone, 
carried by the reinforced concrete columns and beams mainly at the level of the 
•sub-ground floo^. The chimney from the boiler-house is being formed in rein- 
forced concrete, and this is i lo feet in height, with an inside size of .4 ft. 3 in. 
square, the sides being 7 in. Ihick at the bottom and 5 in. thick at the top. A 
lire-brick lining will be built in sections inside the shaft and supported by 
corbelling, this being kept 3 in. clear frorA the concrete sides. It is estimated 
that over 1,200 tons of steel will be required for the complete building, and as all 



Fi|{. 6. View showing Reinforced Concrete Work. 
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this is in the form of small round rods, it represents a very large amount. The 
work is being executed by Messrs. Perry & Co., Ltd., of Bow, while the steel- 
work for the gantry was supplied and erected by Messrs. Drew-Bear, Perks 
& Co., Ltd., Battersea Street Works. The reinforcing steel is being supplied 
by Messrs. Dorman Long, of Middlesbrough, and the ballast is being pro- 
cured from the Ham River (irit Co., Rochester. 
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THE 

SPECIFIC GRAVITY 
OF PORTLAND 
CEMENT. 


By PERCY C. H. WEST. 



The following article may be ofinierest as indicative of some of the more recent wsrk 
which has been done in this particular branch of research*— ED, , 


So much has already lx‘.en written relative to the specific gravity of Portland 
ceme.nt, that a certain hesitancy is felt in reverting to the subject. Much 
work has recently been done which is of merely confirmatory nature, and 
older aAd often more complete wbrk has been overlooked ; the results obtained 
by the several investigators have not been compared nor received adequate 
attention, with the natural result thM in many quarters great importance is 
attached to the test, although the results of systematic research show that 
it is of extremely limited value. 

Nearly thirty years ago sufficient evidence had l)een collected to show 
that the test as ain indication of the quality of cement was of little use; in 
fact, could be well (^spensed with. Yet to-day, as every manufacturer knows, 
there, are many users of Portland cement who regard the test as of the greatest 
value, and who will disregard the more practical indications of high quality, 
such as mechanical tests and soundness tests, if the specific gravity falls below 
some arbitrary limit. The volume weight test to which the determination of 
specific gravity may be regarded as the natural successor has fallen — quite 
rightly — into desuetude. It was early recognised, notably by Grant, that the 
weight per bushel was a function of the state of division and the specdfic gravity, 
the method of carrying out the lest remaining the same. 

As is generally knowm, the test w^as held to be of use in differentiating 
between cements which had been burned at a high temperature or clinkered 
and those burned at a lower temperature, as, for example, Roman cement. 
It will usually be found that Roman, or natural cement, which has not been 
clinkered has a lower specific gravity than Portland cement, but the mechanical 
strength tests will equally well enable the two classes to be differentiated. 
When the test is applied^ to Portland cement, with the object of ascertaining 
its quality or the degree of clinkering, the results are much less positive. 

Michaelis, in the earliest standfird text-book on the subject, gives the 
specific gravity of Portland cement as 3*2, and states that the specific gravity 
of light burnt cement is not more than o’l lower and of overburnt 0*3 below 
this figure. » 

Seger and Aron determined the specific gravity of a number of samples 
of Portland cement, and found that they gave figures varying between 2*99 
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and 3 'o 8. Schumann (1883) determined the specific gravity of twenty samples, 
and found that, as a rule, they fell between 3*110 and 3*174; in one case he 
found over 3'23,*but never obtained a figure below 3*1. These results indicate 
a considerable variation. The cause of this variation was only imperfectly 
known at the time. Erdmenger found that Ijie specific gravity of a clinker 
was dependent on the temperature at which it was calcined. He found that, 
not only did underburnt cement have a low specific gravity, but clinker produced 
at a high temperature also gave* a low figure. This fall ip specific gravity is 
shown to occur as a result of burning at a very high temperature by the results 
of Fresenius, published in 1885. In this case the anfount of carbon dioxide 
and of water present in the clinker was also determined. Vicat, in his book, 
“ Cimentc ct Chaux Hydrauliques (1891), states that the specific gravity 
indicates adulteration and degree of burning. In the figures given by him 
as an example, the same fall of specific gravity, as the result of clinkering at 
a high temperature, is indicated. , 

Meyer, at a later date — 1897 — <jbtained precisely similar results, employing 
a mixture which, when burnt, had the follow’hig composition ; — • 

Composition; C^iO 4- CaO SiO% RiO» 

66*6 64*25 32*4 

Cone ... 7 8 10 12 14 16 

S.G. ... 3155 3*224 3*212 3*198 3*185 3*170 

These figures are of great interest, as they show the relation between 
the specific gravity and the temperature of burning the clinker with a greater 
degree of precision* As late as 1907 we find results of^a somewhat similar 
character being published by Meade and Hawke. ^ 

^n view of the requirements of the specification of the Association of 
American Portland Cement Manufacturers, these chemists considered it 
necessary to emphasise the slight difference in specific gravity between 
imperfectly burnt and well-burnt clinker. They give examples showing that 
in a certain case the difference was only 0*026 : — 


I. 

Very light burnt 


3-208 

2. 

Somewhat lightly burnt ... 

• 

3-222 


Well burnt 


3-214 

A- 

Very hard burnt 


3'234 


In this case the clinkers were all produced from the same batch of raw 
material* and were produced in the same rotary kiln. They further state .that 
in no case have they found half-burnt giving a Ipwer specific gravity than 3*10. 

Butler (1906) found that, of thirteen samples of underbumt, eight pqpsessed 
a sufficiently high specific gravity to satisfy the requirements of the B.S.S. 

' Within the writer’s experience the lowest specific gravity of a thoroughly 
clinkered, mixture was 3*024. This cBnkcr had an abnormal composition, 
cpnt&bting d#y 50 per cent, of lime, and naturally disintegrated on cooling. 
aNiior^ cotijiposition the specific gravity of clinker produced from the 
did '■ iail ptlaw 3' 17. • 

that the specific gravity of a thoroughly well- 
limits ; that under certain conditions a Large 
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proportion of material of lower specific g-ravity could br added without causing 
the resultant mixture to have a specific gravity less than many undoubtedly 
pure clinkers possess. • 

Unreliable, however, as is the specific gravity test when employed for 
estimating the degree of burning’ or the purity of ground clinker, it is much 
more so as applied to finished cement. 

It is permissible to add a certain* percentage of gypsum, a material having 
a specific gravity of 2‘3 — 2'g. Fuel dust may be present in a cement, whereas 
in -testing clinker its presence may be avoided. Water and carbon dioxide 
are absorbed by the cernent during the grinding process, and in storing either, 

• or both, may be intentionally introduced into the cement. Thus there are 
three additional factors which have an effect on the specific gravity of the 
cement. The first two may be neglected, as th^ are present in only small 
percentages, and their effect is therefore small. The latter, however, is of 
considerable cfifcct, a fact observed at a very early date by Erdmenger, who 
found that a cement having a specific gravity of 3*2 on storing five months 
absorbe^j i*8 per cent, of water i^id CX)^\ the specific gravity falling to 3*00. 
After storing eight months 2 ’2 per cent, had been abst^rbed and the specific 
gravity fell to 2*96. In another case qyolcd by him a cement having originally a 
specific gravity of 3*09 after one year had absorbed 2‘i per cent, and its specific 
gravity had fallen to 2*85. 

Schott (1885), recognising the cause of the decrease in specific gravity, 
suggested a method of calculating the specific gravity of the clinker from that 
of the cement. He found that a sample giving a loss on ignition of 3 per cent, 
had a specific gravit/ of 3*094. Assuming the specific gravity of the clinker to 
be 3*^5, he calculates the specific gravity, if all the loss on ignition be due to 
welter, as follows : — 

Specific Gravity of Water I'o 
97+3*15 + 3*00 + l*00^3.Qg5 
100 

If loss on ignition is due to CO^ : 6 'SCaCO.j^ of S.G. 2*7 

93*24-3*15 + 6*8 + 2*7_,., , 

100 

Assuming the cement to contain equal proportions of water and carbonic 
anhydride, we get the following S.G. : — 

3*0 85 + 3* 1 
2 

Schott’s equation may be put in the following form : — 

'!• * X = (” !)-(»» 


where x is the specific gr%»ty of the clinker ; y the specific gravity oft the cement ; 


« = percentagei water ;'y=! percentage of CO ,. 

Hauenschil^haS suggesffid a purely empirical formula : 


Sft=Sa+“ 


OHarpara Jaikrishna Public Ubtv/f 
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In which Sh — S.G. clinker. ' 

5a =5 G. unigniled cement, 
t 6 = loss on ignition. 

And F. M. Meyer has suggested Sb = Sa+o‘ 02 S^^ 

These two formulae have been checked by Gary (1905) against actual deter- 
minations. As might be anticipated, the results are by no means conc.>rdant. 
It may be noted that the nineteen cements tested by Gary gave an average 
difference of 0*0445 P®** loss on ignition. 

Butler has developed a formula enabling the specified the clinker to.be 
calculated from the specific gravity of the cement, ancl the percentage of water 
and carbon dioxide present in it being known. The calculation is, however, a . 
somewhat lengthy pro^ss, and as the determination of the relative amounts of 
carbon dioxide and of water are necessitated, it is of little value. .Another 
writer has suggested the calculation of the specific gravity of the clinker in a 
similar manner and has fallen into the error of taking the specific gravity of 
a compound to be the mean of the specific gravities of its constituents. T<iat it 
cannot be done in the case of a lime-water reaction is apparent from the swell- 
ing up of lime on hydration and also from determinations of the specific gravity 
of calcium oxide and of the hydroxide. 

It has been shown by Brugelman, Moissan', Richter, and others that lime 
can be obtained having a specific gravity as low as 3 08, or as high as 3*4, 
depending on the temperature at which it is burnt. The hydroxide in the 
amorphous form has a specific gravity of 2*078 (Rose) and crystallised in the 
hexagonal form 2*239- 2*241. If the specific gravity agreed with the simple 
rule of averages and the specific gravity of calcium oxide twas 3*0, then that of 
the hydroxide would be 2*3, and if the oxide was 3*2 then that of the hydroxide 
would be 2*66. 

As the specific gravity of clinker varies between such wide limits, and as 
the specific gravity of calcium hydroxide in its several forms is also variable, 
it is of little use calculating the fall in the specific gravity of clinker djJe to 
the absorption of carbon dioxide and of water. The following figures, however, 
indicate the possible effect : — 


Clinker S.G. 

3*18 

3 T 8 

3*18 (CaCOs) 


Q ^ CaCOn or 

Ca(OHh 

assumed 

2*24 

2*08 

2*7 


Reduction ot S.G. by 1% H^O 

0*033 

0*047 

0*013 by 1% CO, 


Of less moment in this connection is the addition of gypsum, the specific 
gravity of which, as CaSO^ 2HiO, is 2*306 Dumas, 2*331 Filhol. * dn th^^ 
anhydrous form it has a specific gravity of 2.97 Sch*rauf. 

Calculations, therefore, are of little ^alue, as these results are mere approxi- 
at l)jpst. The a^pparent alternative of driving off the moisture and carbon 
to little better results, but in view of its relative simplicity it is to 
« ^ ^ othet method. It has been well pointed put by Kupffender ^ 
to^iio^-iao^ only hygroscopic moisture is driven 
0S first the combined water from the gypsum, then 
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from the calcium hydroxide, and finally the CO 2 from the carbonates is expelled. 
Even then the mass does not necessarily give the specific gravity of the clinker ; 
for, as previously mentioned, the specific gravity of lime increases by heating,. 
Only if the cement is heated to the original clinkering tt:mperature would an 
approximately correct result be reached. And, if the heating was carried to this 
degree, 1400^—1500® C., any badly burned or unburned material would be 
converted into material of high specific gravity. 

The determination of the specific gravity <jn I'cmcnt as delivered is of no 
practical value, for'if it is desired to discover whether the cement has been 
stored carelessly or loo jong, a determination of the loss of ignition will show 
^ it directly, and with a greater degree of accuracy. With regard to this point, 
too, an odd one or two per cent, is of little consequence ^if the mechanical tests 
prove that the cement has ample strength. Determination of the specific gravity 
on the cement heated to redness gives more inforrnation than the test carried out 
on the unignited cement .and may serve to indicate gross adulteration, that is if 
the l>ftst free cement has a specific gravity less than 3*1. 

Nothing has yet been said with regard to the accuracy with which deter- 
minations of specific gravity arc made. Differences between authorities is fairly 
common, but the lollovving is an illuminating instance. Dr. Heiscr took 
25 samples of cement, tested them himself, and had them tested at Gross Lichter- 
fcld and at Malincs (Belgian Slate Laboratory), with the following average 
results : — 

Gross Lichtcrfeld. Malincs. Dr. Heiscr. 

3-150 3-118 3-127 

The greatest differcn<>e was 0 076, while the average was 0*032. 

Ip conclusion, the words of Zwick (1879) repeated : “It there- 

fore follows that the specific gravity is a doubtful criterion of the value of 
cement. “ 
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By T. D. KEY 

(Alexandria Water Co., Lid.) 

A ^nsiderjtble xmount of very interesting reinforced concrete V)ork hss recently 
been carried out tn Alexandria, and the following article deals with a few of these 
strttciares*-‘ED, 




To the well-inf orm€d mind the word Egypt generally conveys an impression of 
the Arabian Nights and romantic associations of a desert life, and the \’^sitor 
in quest of such usually obtains .something vt‘ry much in the nature of^a shock 
when his port of debarkation on Egyptian soil happens to be Alexandria. 

It would, indeed, bo hard to find a greater contrast between the ideals of 
the first and the realities of the second than are presented by the town of 
Alexandria of to-day, and the tourist, realising this at sight, soon shakes the 
dust off his feet and departs for the more congenial delights of Cairo, Luxor, 
or Assouan. 

Yet to the observant mind Alexandria presents many features of interest, 
its commercial and industrial activity, together with a %nagnificent harbour, 
having made it again one of the foremost cities of the East, and in the process 
the enterprise of its citizens has neglected few of the advances in science and 
engineering w’hich have helped to promote the success of its Western, rivals. 

As the title of this article suggests, its object is to confine itself to giving 
a brief outline of the work done in Alexandria in those most recent methods of 
constructional engineering, reinforced concrete. And I think I am correct in 
stating that the first reinforced concrete w'ork of any magnitude carried out in 
that town was in 1905, when, during the reconstruction of the Water V\'orks, 
the new clear water storage reservoirs were roofed over with this material. 
Constructionally these r(X)fs present no features worth recording. One point, 
however, which may interest your readers is the fact that, owing to a shortage 
of material, a considerable part of one of the roofs was made with concrete 
'having as an aggregate ordimiry furnace ash drawn from the Water Works 
boiler furnaces. About two years ago I had occasion to cut through the whol^ 


length of that part of the roof so constructed, and nc^ e vidence of corrosion was 
npticcable on any part of the reinforcement. 

$th€^ thkt date the Water Works ^avc carried out two important struc- 
first, in 1909, a culvert connecting the company’s 
' wells situated outside the main pumping house, 

! an existing culvert in brickwork, built about * 

‘ safety the Water Works authorities bad grave 
comihenced on the culvert a new intake. house was 
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Fi^. 1. Seotioo. 

Reimforcbd Comcxbte Culvert. 
C Z 


built at the canal end, and tb this 
both old and new culverts weire 
finally connected. • The control pen- 
stocks and screens were also placed 
in this house. 

The new culvert was made 
entirely of reinforced concrete and 
hns a section as shown in Fig. i, 
this section being determined on the 
assumption that it would be neces- 
sary to supply 13*2 million gallons 
(60,000 culjic metres) to the pumps 
in 12 hours when the water Icvpl in 
the canal was at a minimum of 3 ft. 
above the culvert invert. 

The reinforcing throughout was 
done by means of expanded mclal, 
No. 10 size, having strands of 3-in. 
mesh, the section of the strand lacing 
T% in. by J in., the metal being laid 
the long way of the mc«h at right 
angles to the axis of the culvert. The 
wooden centering used is well shown 
in the illustration. Fig. 2, and was 
made in lengths of 4 metres, each 
length being collapsible and easily 
removed alter the concrete harl set. 
This centering was covered .at each 
stage with oiled paper, thus pro- 
tecting the centering frdm dcieriora- 
lion through contact with the con- 
crete, and also to provide a smooth 
inner surface to the culvert. .So 
satisfactory were the results in this 
latter respect that in only a few 
places was it necessary to add any 
cement rendering to the inner sur- 
face of the finished work. The fol- 
lowing mixture was used in making 
the concrete : i part of Portland 
cement to 3 parts of sand, a parts of 
this mortar to 3 parts, of an agglre- 
gate composed of tfl’dken pottery 
thoroughly washed screened 

through a a-in. rin^, all parts 
being ntaa^mred by voluine. 
R^ardiogr th« a, wod 
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of explanation may not be amiss. This is broken Egyptian pottery, 
known locally by the name “chakf.” and immense quantities of this 
4 natenal are \ohc found all over Egypt buried under small hills, or “ koms.” 
.Being strong under compression, and having sharp edges, it make^ a good 
aggregate for concrete when care is taken to use suflicient cement and sand to 
fill all the interstices. A disadvantage to its use in reinforced concrete, how- 
ever, is that it cannot be conveniently broken to a small size. Thi-^ fact, 
together with the increased cost due to the available supplies around Alcxandri*i 
being nearly exhausted, has practically stopped its use for this purpose. The 
concrete was mixed wet and well tamped into place^ the outside shuttering 



Fig. 2. Wooden Centering, 
ReINFORCBD CONCRfeTF CULVfcRT. 


^heing placed in position in narrow' strips to enable this to be convenientry 
, dope. 

» -//rtie culvert is providecT with manholes about 262 ft. apart, these tnan- 
formed in the crown of the arch, which is strengthened at these 
by meai\s of an angle iron saddle cast into the concrete. The depth of the^ 
^dwn of 'the.aw:h below },he surface level varies from, 12 ft. at the canal end to 
" ^4 ft, atrthe suction wells. At the deeper levels reinforcement was placed on 
the outer side of the crown in order to jil-ovide against the increased horizontal 
thitist. The^otal length of the culvert is about 1,670 ft. 

^ The is a settling basin, forming one of a group of four, and used for 

prSMelpitating, tinder the' action of alumina sulphate, the fine Nile mud held in * 
flPiPliMsion In the water Wore llus is treated by the filters. 

Its bpnMrucdon hi well shown in the drawing, Fig. 3, and its action as an 

' to 
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efficient precipitating tank may be briefly described thus : The uniiltered water 






is pumped 

into 


tBe semi-circular 

* 

basin, A, 

from 


which it 

flows 


with a greatly 


d i m i n i s 

h e d 


velocity towards 


the diciphragm 


wall at B. 

This 


diaphragm 

i S 


composed oi 

‘ two 


parallel walls. 


that nciresl 

i the 


inlet acting 

as i 


weir, tlie 

other 


as a baffle 

with 


openings at its 

as 

1 o w e r 1) 

a s c 


through w 1 

\ i c h 

7 

the wMter passes 

H 

to the outl(‘1 

over- 

Id 

V) 

flow wcir i 

[it C. 

ro ua 

3 1! 

These two 

weirs 

B. g 

A 

have ihe eifect of 


which this settling tank was to be constructed was of 


skimminfj the 
b u r f a c c anc! 
dearer water in 
each compartment 
of the tank, and 
rcl.un the greater 
qu.intity of sill 
left in suspension 
in the lower water 
levels. The work- 
ing cap.icity of 
the tank is Oinft 
million 

and the t i 
allowed for this 
quantity to flow 
throwh is regu- 
late^o about six 
hours. 

As the 
ground on 
a nature which 


SI 
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precluded any hope of obtaining a uniform foundation, it was decided 
to flood the whole surface until such time as all voids had been filled and 
infiltration ceased, and for this purpose one of the unfiltered water-pumps 
was utilised during fifteen days, pumping altogether about 8,000,000 gallons 
before this result was obtained. 

On the ground drying off, a 20-ton steam roller was run on the land, and 
rolling continued until the surface^ was brought to a uniform level and no further 



settlement visible when the roller was sit work. An examination of the land 
after this prifved so satisfactory that it was decided to dispense with anything 
further in the way of foundations, and work was at once commenced in excavat- 
ing the surface to the exact camber of the tank bottom, and on*this a dry course 
of broken stone was rammed, sufficient only to form a clean surface on which to 
lay the reinforced concrete. 

The design adopted shows remarkably well the economy of material to be 

C. 22 ' 
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obtained from the use of reinforced concrete for this class of work. The bottom 



. Fitf. 5. 

Reinforced Concrete Settling Task 



walls are 5J in. thick at the base, tapering to 4 in. at the lop, and supported 
*4 
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throughout their length by buttresses pitched ii ft. 6 in. centre to centre. A 
4-ft. platform runs round the tank for insi>ection purposes, and in the manner 
of its attachment to the side walls and buttresses advantagt^ is taken of its 
position lo render that part of the side wall contained between the buttresses as 
a slab supported on all four side^, thus keeping these at a minimum for thickness 
and reinforcement. Details of the reinforcement in the buttresses and its attach- 
ment to the rest of the tank are given in 4. This alsc> shows the beam 

placed on the inner^side of the side wall and ifnder the bottom slab to take the 
negative bending moment, due to the weight of the side walls, when the tank is 
emptied for cleaning proposes. 

The composition of the concrete throughout the entire work was made in 
the following proportions : 1 cubic metre of gravel soreened ihniugh a J-in. 



Fi«. 8. 
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ring, ^ cubic metre of sand, and 350 kilos, of cement, the whole being mixed by 
hand, then watered and mixed to a wet concrete. 

In-order to prevent infiltration the bottom of the tank was covered by a 
continuous sheet of Aqiialitc Bitumen Sheeting, over which w'as laid a protecting 
layer of concrete 2 in. thick, the side walls being rendered with a 2 to i cement 
mortar worked to a finished surface. As regards the side walls, it is interesting 
to note that the results obtained have been perfectly dry outer surfaces, and 
this result is .the more remarkable when taken into consideration with the 
extreme ranges cS ternperature to which these exposed walls are daily subjected. 

The aforementioned works have all been designed and executed under the 
direction of Mr. H. R. C. Blagdcn, M.I.M.E., the General Manager of the 
Alexandria Water Company, Ltd. 
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Another use for which reinforced concrete is finding increased favour in 
Alexandria is in the construction of cotton stores, or “ chounahs as they are 
locally called. 1 hese chounahs arc of immense size, and in view of the 
exceedingly valuable nature of their contents (many chounahs ha\1; cotton 
stored to the extent of over half a million sterlkig during the busy season) one 
of the essential ix»ints in their construction is fire-resisting qualities. The most 
recent practice in building these^is to construct a skeleton work consisting of 
reinforced concrete columns pitched longitudinally and transversely at equal 
distances, these columns supporting the floors and roofs, which are made of 
the same material. The outside walls are of siliceous sand bricks, laid as panels 

between the columns, the 
interior division of the* 
chounah into separaie com- 
partments being provided 
for in a similar manner.. 

Although from the 
aisthctic point of vie\v these 
buildings leave much to be 
desir(‘d, yet for strength, 
low cost of upkeep, and 
immunity from fire risks 
they are an immense im- 
provement over those 
chounajis constructed at an 
earlier date, and wherein 
the floors, roof s, a n d 
columns are in woodwork. 

In the harbour several 
notable works in rein- 
forced concrete have l^en 
carried out under the direction of Monsieur jondet, the Chief Engineer of tht‘ 
Port. These include a small breakwater built in pontoon form on land, 
launched, towed into position, and sunk. Latterly the same engineer has been 
responsible for the construction of a lighthouse on the same principle. The light- 
house in question marks the entrance to the main channel and replaces a steel 
structure destroyed during the winter storms. After the site had been carefully 
levelled by divers the base or foundation of the structure, which was built as a 
monolith and in the form of an octagonal cone, was launched and floa^pd into 
position, and after this was sunk and ballasted the superstructure or lighthouse 
proper was added in situ. 
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THE PRACTICAL DESIGN OF 
• REINFORCED CONCRETE 
FLAT SLABS, 


By SANFORD E. THOMPSON* 

The folloviing paper ruas presented at the meeting of the National Association of Cement 
Users, U,S.A,, in March, 1912, and as the designing of Flat Slabs for Reinforced Concrete 
Work is one claiming considerable attention, we have reprinted the paper here to show some 
of the views held on the subject in the United States* ~ED, 


Thk |uir^30s<.* of this papor is to prosenl malorial t'ovcrinj^ th<‘ prartiral task of 
iii#4 Hal slab floors for reinforced eoHlrete striu'tures. Th<‘ requisite* thiekn<*ss of slab, 
amount of reinforcement, and size of column head, for dilTcTCMit loadinj^s and dilTerc'nt 
s])ans, arc* j^ivc'ii in a table ; and the lh>Hyries and assumptions involved in the c'om- 
pulalion are briefly cliscuss(*d. Valuers not inc'ludtxl in the table m.'iy lx‘ worked out 
from the formula, findinj^ the desired values of (V. and C from the diagrams. t 
('iirvc s ;cro givcMi also for the constants used in the design of members with steel in 
toj) and bottom, and apply not onh to flat slabs, but to any bc'am or slab reinforc-ed 
both in compr<‘ssicm and tension. 

For reinforc'c'd cw^Tete buildings, the flat slab- or girderlc>ss flcK)r, as it is some- 
times called— is as cheap, and frequently chc'aper, than b<‘am and girdcT constructiem. 
'I'hc* smooth ceilings with no inlersc'cting beams allow b(‘tter distribution of the light, 
'riic* (‘xp<*nse and complication of installing sprijikler systems are lessenc‘d. The clear 
h(*adr(H)m for the same story height is increased, or else, on the other hand, the story 
height may be made less without reducing the elTcu'tive headremm. This last c'on- 
sidc'rfttion alone* is oft<*n important C'nough to dictate flat slab flcM>rs. 

With flat slab fl(X)rs the entire load is sup|K)rtcd directly on the columns, which 
are usually spaced alx)ut equally in both directions. The c'olumn heads are enlarged 
scj as to give increased resistance in shear and bending at the points where this is most 
needed. The reinforcing bars run through the slabs ewer the c'olumn heads in four 
direc tions, two rectangular and two diagonal. 

'I'hc* simplest way of considering the flat slab is to assume that a fiortion of the 
slab t‘xtending ri c'<*rtain distance out from the* column is a Ibct, circular plate, similar 
to a ‘Japanese parasol, but with no slope to its surface. This plate is fixed to the 
column and is assumed to extend out from it on all sides like a cantilever as far as 
the line^f inflection of the slab, which line* — as in other forms of monolithic construc- 
tion — is about onc^^fifth of tbc net span away from the support. The rest of the slab 
may Ir* considered as entirely separate from the flat circular plates, but simply supported 
from their outer edges or circumfi-rences. » 

This is no new theory, but is somewhat similar in effect to that •f a uniformly 
loaded, fixed or continuous lx*am. To illustrate this in practical fashion, we will take 
an ordinary beam juniformlv loaded and fixed at both ends. This illustration does not 
in any way show the methods of determining a bending moment in the flat slab, since, 

* Consulting Engineer, Newton Highlands, Mass., U.S.A. 

t For an example of flat slab design worked out in detail see Taylor and Thompson’.s Concrete, 
Plain and Reinforced," 3iid edition, 1911, pages 4S7 and 48S. 
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as stated below, the actual bendinj; moment is dependent upon the elastic theory. It' 
does, however, show quite clcsarly that we are justified in assumirt|j the slab to be rut 
through on the Ikie of inflection. 

We know from simple mechanics that the moment at the support of an ordinary 
uniformly loaded fixed or continuous beam is Wlj 12* and, at the centre, is M/24. 
Now, suppose at the points of inflection, which hlso by mechanics we know to be 
located at a distance 0*21 13Z from each support, we cut the beam completely through 
so as to have a cantilever at each end with a simply supported beam bctw-t'f'n. The 
bending moment of the cantilever at its supix)rt, due to the load upon it, is 
o’2i 13 IT X o*2iT3//2, and the moment at its supixwt duo to the load on the supported 

beam between cantilevers, is ^^^ 3 ) 1^x0*2113/. 1'he sum of thcsi* two moments 

2 

is 0*0223 lTZ+o*o6io H'7=iO*()S33 Wl or M/12. In oth-tT woi*ds, while this analysis is 
not that which can be used for a flat slab, becausi* of the extra strength of the flat slab 
due to the multiple reinforrcMiient, the division into siH'tiions corresponds Ui our assuni])- 
tion in the flat slab th^wy. In the siime way vve might show that the centre monuMit 
of the simple beam supported by the two ordinary canliUwer b(‘ams is TTZ/24. 

Tests of the flat slab construction at Minneajwlisf indicate that the line of infi<‘Clion 
of a flat slab floor is substantially the siime as iA a llxi'd b(‘am, or alxiut 1-5 the net 
distance betwi'en supjK>rts, although, as would be expected, th(‘ bending moment is 
entirely different. c 


PROBLEM OF DESIGN. 

'rhe problem of the design of the flat slab, then, resolves itself into (i) a determina- 
tion of the proper thickness and r(*inforcement required at the su])iM>rt for th(‘ caniilevi'r 
circular plate supporting its own load and also the load of the rest of the slab, and 
(2) a determination of the thickness and reinforcement ;it the centre of th(' sj^an required 
for the simply su])iK>rU’d sei'tion lying between the circular plates. 

Various Methods of Design of S/a/b,— Various methods ha\e boon advvinced for 
the design of the flat slab. Som<‘ .are b.ascd nuTely on dt'lk'ction tests, which give no 
true basis for computations; t>thers ccHiipute the steel c.arefully .'it th(‘ centn* of ih<* sl.'ib, 
w hich is not the critical p.'irt ; others consider the construction to consist of hi .'ims 
Ix'tween columns with a slab Ix'twefMi. thus obtaining ultr.a-cons>(M*vative results; *vhile 
.'1 plan still more common is to lake tlx* moment ;il the supports arbitrarily without 
regard to the size of the column head. The shear or diagon.'il tension no.'ir the column 
head is frequently disregartled altogether. 

Shear at the Support, — 'I'he direct shi'ar at the support, as in any mechanic.al 
construction, is equivalent to the total lo.'id supported by the column. 'J'his she.-ir is 
readily borne by the concrete and slivl. 'I'he diagonal tension, howeviM*, which, .'is in 
a beam, may be considered as m<*asured by direct shear, must be carefully considered. 
To reduce the diagonal tension ^md also to incre.'is<* the resistance to bending of the 
slab, the column head is enlarged. To still further increase the resistance, a part of 
the bars in the top of the s\ah ovct the supiK)rts may be Ixmt dowm just outsicr(‘ of the 
supports and then carried along in th<* bottom of the silal* 

In either case, the shearing stress should bt* limited to definite units, although it 
seems jxTmissible to use a somewhat highei* stress than in a beam. 

The diamPter of the enlarg<tl column head, which is the actual support of the s-lab, 
should be governed by the shearing stress either at its circumference or at a short 
distance outside of it. , 


* TPs total live plus dead load. /= distance in feet between supports. 

t See paper on **A Test of a Flat Slab Floor in a Reinforced Concrete Building," by Arthur R. 
Lord, Prac€tdiMg$ Natiomtl Association of Cemont Users Vol VII,, page 156. 



PRACTICAL DESIGN OF FLAT SLABS. 


Bending Moment at Support. — The theory of flat plates, which must be used in 
designing a circular plate, is not yet clearly established. By the use of what is termed, 
in mechanics, the elastic theory, we have a fairly good working ^jypothesis. The 
analysis solved by Prof. H. T. Eddy* oflFers, in the writer’s judgment, the most rational 
solution of the problem yet advanced. 

In the design of the flat shib, tljerefore, the authort has started with Prof. Eddv’s 
analysis of stresses in a homogeneous circular plate, and from his general formulas 
has dt^uced by mathematics other formulas applying to circular plates free on their 
edge's and clamped around the columns. In a flat slab thus supported there are 




•• 


horizontal stresses at right angles to each other. I'he effect of these lateral stresses 
has been taken into account, this being expresst^d by Poisson’s ratio, which is the ratio 
of the lateral deformation to the deformation in the direction of the siross. The value 
of this ratio is taken as o’l, which has been shown by experiments to bis a fair value 
for concrete of 1:2:4 proportions. 

It has been found possible to reduce the complicated formulas derived by the Eddy 


* Engineers’ Society, University of Michigan, 1899. 

t The author is indebted to Mr. Edward Smulski for the computations involving intricate analyses 
by higher mathematics; alsp to Mr. John Ayer for further studies in the practical design. 
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analysis into four formulas which are comparatively simple although still rather* com- 
plicated for practical use. These formulas are for four bending moments and can be 
applied not merely to the slab at the support, but to any point in the circular plate 
surrounding the column. The four moments are as follows : 

Ml = moment produced by the loading that is uniformly distributed over the circular 
plate and causes circumferential fibre stress. 

= moment produced by this same loading, but Svhich causes radial fibre stress. 

= moment produced by the loading from the rest of the slab that is distributed along 
the outer edge of plate, and causes circumferential fibre stress. 

= moment produced by the latter loading, but which causes radial fibre stress. 

A study of the analysis, however, shows that the two circumferential moments are 
a minimum at the support and may lx* safely disregarded. • The two formulas for the 
radial moment may be combined and still further reduc<*d to the following simple form , 
which can be used for a circle of any radius, r , within the circular plate. The meaning 
of the symbols is made clearer by reference to Figs, i and 2, which show the plan, and 
the section of a flat slab. 

Let 

<7 = uniformly distributed load around the outer edge of the plate in pounds per foot of 
length. 

7£; = uniformly distributed load on surface of plate^ in pounds per sq. ft. f 

ro=i’adius in feet to line of maximum bending moment (which is within the column 
head). 

yj =outer radius of assumed plate in feet. » 

r = any radius in feet where moment is to be computed; for critical section, r is radius 
of column head. 

Cf„ Cc = constants given in Figs. 3 and 4. 

Mr = total radial bending moment to be used ordinarily. 
li —distance in feet between lines of inflection. 

Then total radial moment at any point of plate is — 

Mr—wfoCti-^qroCg ** 

For convenience in computation, values of the constants Cr, and C^, for various 
values of the ratios r,/r„ and r/r,,, arc plotted in the curves given in Figs. 3 and 4.* 
With q expressed in pounds jxr foot of length, w in pounds per square foot, and 
ro in feet, the moments arc in foot-pounds per foot or inch-pounds per inch. 

PoBitioa of Maximum Bending Moment and of Maximum Stress.— As 
commonly constructed, the column head flares at the top and is therefore more < 5 r less 
flexible. For this reason the line of maximum bending moment will be located, not at 
the extreme edge of the column head, but a little within it. The maximum stress, on 
the other hand, will not be. on the line of the maximum bending moment because the 
strength there (since it is within the head) is increased due to the greater depth of 
concrete. It is fair to assume, therefore, that the maximum stress is at the edge of 
the column head, and we may assume the “ critical soction ” as on this line. The exact 
location of the line of maximum moment is indeterminate. Under ordinary conditions 
it appears fair to assume its location as within the column head, a distance equal to 
the thickness of the slab. Therefore, M ,.is figured for a value of r=r^ +t. In figuring 
th’is moment, values of the constants C and should be taken from the curves in 
Figs. 3 and 4. As in an ordinary fixed beam, this bending moment is negativ«, so that 
the upper side of the slab is in tension and the lower in compression. Having found 
the moment, the design of the reinforcement and the thickness of the slab may he 
worked out as for an ordinary beam. 

The curves in Figs. 5 to 8 inclusive wilfbe found of assistance in working out the 
design, o 

Steei In Column Heaid.f--£he slab at the column head might be designed with 
the steel all in the top of the slab running in four directions provid<^d the slab is thick < 

* These B-tt drawn up from values id tables in Taylor and Thompson's " Concrete, Plain and Rein- 
and edltioni 191 >> 5 ^ 8 ^ 

, t Certain futures of fiat alab reinforcement are covered by Letters Patent, No. 1003384, of C. A. P. 
Turner, 
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^ overstressed in compression. In order to reduw 
the thickness of the slab, and therefore save the additional cost and weight of concrete 
over the entire floor, it is economical to place steel in the bottom of the slab as well as 
"Sore it as assisting the concrete to take compression.* Since a portion 
of the bars need to extend only far enough beyond the column head to furnish suitable 
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bond, the cost of this additional steel will be much less than the cost of an additional 
thickness of concrete over the entire slab. 

To make it easy to place the concrete and also tg bring the centre of gravity of the 
steel as near to the surfaces of the slab as possible in order to give the longest moment 
arm, and thus a thinner slab, two layers of steel may be placed in the top of the slab 

3 * 


6. THOUPSi)N. 


and two layers in the bottom. The relation of the quantity in the top and bottom must 
be determined by the design. If a thin slab is desired, even more steel may be placed 
in the bottom tljan in the top. In the tables, three ratios of steel are given, and the 
percentages selected are those that will give the required working stresses in the 
concrete and the steel. * 

The Minneapolis test already referred to shows that not only the steel directly over 
the column head, but the steel for a ccmsiderable distance each side, takes tension. 
In view of this test and of the tests made at the University of Illinois,* it is safe to 
assume that the steel may be spaced over a distance at least equal, to the diameter of the 
column head plus three times the thickness of the slab. 

The determination as to whether the diagonal or rectanj!,ular steel should be j)laced 
at the top is governed by the relative quantities of each. More steel is required for the 
diagonal direction through the slab, hence th<' layers which are largest in section may 
be run diagonally. 

Agreement with Minneapolis Tests.— By our theory it is jwssible to compute the 
stresses not only next to the column head, but at any ])oint in thi* slab. In several 
('ascs, knowing the exact location of the points where the dt^formations were measured 
ill the Minneapolis tests, we have computed the stress<'s at these points. Usirj 4 5*6 in. 
a.^ the moment arm, and including the radial bars hs assisting to take tension, we figure 
the maximum stri*ss in the steed ovct the txlge of the column as 25,000 lb. per sq. in. 
under the normal load of 225 lb. jht sq. ft.,, as compared with 20,700 lb. i>er sq. in. 
given by Mr. Lord iis llu* actual maximum stress' in the floor. This is no greaU*r 
difference than there ought to Ik' between design and U‘st, and shows our method to be 
slightly more conservative than the actual test. 

The compression in the concrete is more difficult to check since th<* exact locations 
of the test |>oints are not giv(Mi. Computations, how’cver, show* unquestionably that 
our methods are conservative enough to allows for the irregularit^s in concrete mixtures 
and the danger of not having pi'rfect concrete at the critical section. 

Moment at Centre of Slab. — It is possibk* to adapt the Eddy llu’^wy to the 
design of the centre of the slab as well as to the supjxirts. In practical design, hovvc\'er, 
as has been indicated, the thickness of the slab is detennineid by the thickness at the 
support, which is alw’ays the gn'ater. But, in ord<r to avoid too wide spacing of the 
bars and to adajit the centre reinforcement to tkat over the supports, more sttK?l is 
generally run through the slab than the results of tests would show to be necessary. 
Consequently, inst<*ad of considering this from a theoretical standpoint alone, safe 
values for the bending moments may be selected, based on general principles of 
mechanics and qualified by actual tests. 

Let I , = distance between lines of inflection. This distance will be about three-fifths 
of the net span between column heads. 

For the rectangular reinforc'emenl, if the slabs between the jxiints of inflection 
were simply supporttxi, we should have a moment of /S. However, the bending 
moment in the Minneajwlis tests, based on the maximum stresses under uniform 
working load, is about ‘luZj* /33. It would appear amply safe, therefore, to jidopt a 
value of M = i£d ,®/ 12. 

For the diagonal reinforcement, the steel runs in twa* directions, and considering 
both th^ry and test, a value of M = ■«»/ 1^/24 is conservative to use for the steel in each 
direction. *> 

Cross Stoei Between Coluipas. — In flat slab floors, cracks are apt to occur 
between columns on rectangular lines, because, since the span is shorter, the deflection 
less than in the centre of the slab. To prevent these cracks, it is advisable to place 
cross teinforoement of small bars «i the top of the slab. 

Mper on '** A Test of • Flat Slab Floor in a Reinforced Concrete Building," by Arthur R. 

prficttdiesi Nationitl of Coment Uters, Vol. VII., page i8a. 
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PRACTICAL DESIGN OF PLAT SLABS. 


TABLES FOR DESIGN OP SLABS. 

The accompanying tables give thicknesses of slab, reinforcement, and size of ccriumn 
head, for various column spacings and loads. # 



Values of Constant Ce 
a^O.IO 



Fig. 5. Diagram Giving Values of Constants in Formula ^ 

- FOR a =0.10 AND a aO.15 
CcOd^ 

j Steal iii.Compreg8ion. . _ Area of Steel ip 

Doptfi of Steel in Tension. ^ Ajea, of Conerote above StaoL 

Three arrangements for steel over the column head are chos^f The hirst iVhei^ 
the area of steel in tlie tOp is twice the area of steel in the bottom ; tfie secbnd ^Kifere 
o S3 . 
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the two are equal ; and the third where the area of steel in the bottom is one and a 
half times that in the top. This ^jives the designer a variety of thicknesses of slab. The 
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Fig. 6. Diaqiiam Giving Vai.uA of Constants in Forbula 
• for a =0.20 AND a=0.25 


, poptfi Of SlOfIL in Comproasion. 
beptii ^teel in ransion. 


Area of ^eUn Tension. 
"Area of Conootea'l^ve Stool. 


percentages of steel selected are those which produce, with the given conditions, a 
0'" poinpreasive stress of 800 lb. per sq. in. in the concrete and 16,000 lb. in the steel. In 
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ordfir to allow 800 lb. in the concrete, it should be mixed in proportions as rich as one 
part coment to two jxirts fine aggregate to four parts ctiarsc aggregate. Poisson’s 
ratio is assumed as o’l, which from recent tests ap{>e.'irs to be a fair value. 

The size of column head has been figured for a shear of 60 lb. ner sq. in. on a 
circle a distance, t (the thickness of slab), outside of the column head. This shear is 
used simply as a measure of the durgonal tension. The value is somewhat larger than 
is permitted in beam design, but appears to warranted in the case of flat slabs. 

The stc^el in the centre of the slabs has be(m figur'd for a stress of 16,000 lb. 

Diagrams for Designing Siabs. — 'fo |)rovide for cases not covered by the table, 
curves for values of Cr a^d C, are given, so that the moment under various conditions 



Fig. 7. Diagram Giving Values ok Constants in Formula 

^ Depth of Steel in Compression. . _^ Area of Steel in Tension. 

Depth of Steel in Tension. ^ ^Area of Concrete above Steel. 

can 1^ readily figured from the formula for the bending moment given in a preceding 
paragraph. 

Diagrams for Determining Steel in Top and Bottom of Beams or Stabs.— 

In Figs, 5 to 8, curves are plotted for finding the values of the constants Cg and C, in 
the formulas for the steel find concrete stresses in beamis or slabs with steel in top 
and bottom. The curves are drawn for different values of a, the ratio of distance of 
steel in compression from compression stirface to distance of steel in tension from 
compression surface, and for different values of p^/p, where ^ = ratio 9 i cross-section 
of steel in tension to concrete above it,* and =5 ratio of cross-section of steel in 
compression to tbte same area of concrete. 

* Where the tension steel is at the top, as over the support of a flat slab or beam, the concrete area 
is taken Iwlow the tension steel. 
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TABLE I.— DESIGN OF FLAT SL/^BS. 

Thickness- OF Slab, Areas of Steel and Sizes of Column Head are Given for Different Spans and 

Percentages of Steel. 

Live Load loo lb. per sq. ft. 


Span 
between 
centres of 
columns 
in feet. 

ft. 

Ratio 
of cross- 
section of 
steel in 
tension 

to 

concrete 

below 

steel, 

iP) 

Ratio 
of cross- 
section of 
steel in 
compres- 
sion to 
concivte 
below steel 
in tension. 
iP') 

Distance 
from 
bottom a 
of slab to 
centre of 
gravity of 
steel in 
tension. 

(d) 

in. 

Approxi- 
mute total 
depth 
of slab. 

0 

it) 

in. 

Diameter 
of column 
head. 

ft. 

•Area of 
steel over 
column in 
tension. 

sq. in. 

•Area of 
stec-1 over 
column in 
compres- 
sion. 

sq. in. 

Minimum 
area of - 
steel 
between 
columns 
per foot of 
width of 
diagonal 
band. 

sq. in. 

Minimum 
area of 
steel 
between 
ailumns 
per foot of 
width of 
rectangu- 
lar band. 

sq. in. 

12 

0*014 

0*007 

4 


5 ii 

2 *(K> 

4 *.30 

4 2*25 

0*16 

0*01) 

12 

0*017 

0*017 

31 


5 


2*00 

4*8i 

4*81 

0*17 

0*09 

12 

0*022 

0*033 

3 ^ 


4 


2*50 

7*26 

io*go 

o*t8 

o*og 

M 

0*014 

0*007 

5 


6 


2*25 

. 3*94 

2*97 

0*1 9 

0*11 

14 

0*017 

0*017 ^ 

4 i 

5 

: * 

2-75 

7-93 

7'9 3 

0*20 

0*11 

*4 

0*022 

0*033 

4 


5 


3 *(K) 

<)*i)6 

14*93 

0*21 

0*1 1 ' 

16 

0*014 

0*007 

6 


7 


3*00 

9 -. 3 I 

4*76 

fi*22 

0*12 

16 

0*017 

0*017 

5 \ 


6 


3*23 

io*«j5 

10*95 

0*23 

0*12 

16 

0*022 

0*033 

4] 


5 


3*75 

14*01 

21*05 

0*24 

0*12 

18 

0*014 

0*007 

61 


8 


3 * 5 « 

12*48 

6*24 

0*26 

0*14 

18 

0*017 

0*017 

6 


7 


3*73 1 

14*42 

14*42 

0*27 

0*14 

18 

0*022 

0*033 

3 


6 

■ 

4 * 3 « 

18*67 

28*00 

0*28 

0*14 

20 

0*014 

0*007 

71 


y 


4*00 1 

16*36 

8*18 

0*30 

0*16 

20 

0*017 

0*017 



8 


4 * 5 « , ; 

19*47 

19*47 

0*31 

0*16 

20 

0*022 

0*033 

5 


7 


5*00 , 

2 3 -H 9 

35*80 

0*32 

0*15 

22 

0*014 

0*007 

8 


10 


4*30 

20*21 

10*1 1 

0 * 3.1 

0*18 

22 

0*017 

0*017 

7 


<) 


1 5*00 1 

24*03 

24*05 

0*34 ** 

0*17 

22 

0*0 J 2 

0*033 

6 


8 


5*73 

31*05 

46*60 

0*35 

o*i6 

24 

0*014 

0*007 

0 



‘' 5 *tM> 

1 25*10 

12*55 

0*38 

0*20 

24 

0*017 

0*017 

8 


10 


5*75 

30*41 

30*41 

o* 30 

0*20 

24 

0*022 

0*033 

7 


H 

6*50 

37 *^^o 

56*70 

0*40 

o*ig 


•Area of steel over column head= circuniferenc<* of column head in inches x x or />' dep<'nding upon whether 
the steel is in tension or compression. 'Phis steel is assumed as distributed over the entire widths of the bands. Thus 
if a baud of steel has 2 sq. in. steel in section, the area, effective, for two bands will be 8 sq. in. (See example.) 

TABLE II.— DESIGN OF FLAT SLABS. 

Thickness of Slab, Areas of Steel and Sizes of Column Head are Given'for Different Spans and 

Percentages of Steel. 


Live Load 150 lb. per sq. ft. 


c 

Ratio 

Ralio 

Distance 






Minimum 

Minimum 


of cross- 

of cross- 

from 






area of 

area of 

Span 

station of 

section of 

bottom 

Approxi- 

Diameter 

•Area of 

•Area of 

steel 

steel 

betweem 

steel in 

steel in 

of slab to 

mate total 

of column 

steel over 

steel over 

between 

between 

centres of 

tension 

compres- 

centre of 

depth 

head. 

column in 

c.olumn m 

columns 

columns 

columns 

to 

sion to 

gravity of 

of slab. 


tension. 

compres- 

per foot of 

Yrr foot of 

in feet. 

concrete 

concrete 

steel in 





sion. 

width of 

wid' li of 


below 

below steel 

tension. 






diagonal 

rectangu- 


steel. 

in tension. 







band. 

lar band.. 

ft. 

iP) 

(PI 

id) 

H) 

ft. 

sq. in. 

sq. ill. 





in. 

in. 

sq. in. 

sq. in. 

12 

0*014 

0*007 

4i 

6 


2*25 

5-64 

2*82 

o*x8 

0*10 

12 

0*0X7 

0*017 

4i 

51 


2*50 

6*8r 

6*8 X 

0*19 

0*10 

12 

0*022 

0*033 

3* 

4i 

■ 

3*00 

8*72 

13-09 

0*21 

0*10 

14 

0*0x4 

0*007 

. 5* 

7 


3*00 

8*72 

4-36 

0*22 

0*12 

14 

0*017 

0*017 

5 

61 


3-50 

ZI'22 

XZ'22 

0*23 

0*11 

14 

0*022 

0*033 


5! 


3-75 

13*22 

19*82 

0*24 

0*11 

16 

0*014 

0*007 


8 


3-50 

12*03 

6*02 

0*26 

0*14 

x6 

0*017 

0*017 

si 

74 

3*75 

13-83 

13-83 

0*27 

o»i3 

z6 

0*022 

0*033 

4l 

6 


4*50 

17-75 

26*60 

0*28 

.0*13 

x8 

0*014 

0*007 

74 


■ - 

4*00 

15*32 

7-66 

0*31 

0*16 

x8 

0*0X7 

0*017 

64 

7j 

■ ‘ 

4*50 

18*05 

1 18*05 

0*32 

0*15 

x8 

0*022 

0*033 

5I 

6i 

■ 

5*.50 

24*00 

36*00 

0*33 

* 0*14 

20 

0'0X4 

0*007 

8| 

fo 


5*00 

21*80 

10*90 

0*34 

0*17 

20 

0*0X7 

0*017 

7 

8 


5*50 

24-7 o<s 

24*70 

0-35 

0*17 

20 

0*022 

0*033 

6 

7 


6*25 

3X-14 

46-70 

0*36 

o*x6 

22 

0«0X4 

0*007 

9. 

xo 

■ 

5*50 

26*15 1 

13*08 

0*38 

0*18 

22 

0*0X7 

0*017 

7x 

i 


t 6*25 

31*07 1 

31-07 

0*39 

0*17 

22 

0*022 

0*033 

6f 


7*00 

39*84 

^ ; 

. . 1 

58*80 
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The values printed In black type are figured for a column head 7 ft. in diameter, and tlm thickness of the slab is 
increased to withstand the shear. If the r^forcina xocte are so bait that nmre than 60 lbs* in shear can be allowed 
Ihe concrete, the thickness of the slab may be decreased provided the steel areas are increased sufficiently to give 
psSxed strength. 

* Ann of «ted over oolutiin headtadicumference of column head ih inches xdxp or p' depending upon whether 
sM tt in leiiikMi or compression. This steel is assumed as distributed over the entire widths of the bands. Thus 
H a hwfiof steel has 3 s^. in. steel in section, the area, effective, for two bands will be 8 sq. in. (See example.) 





PRACTICAL DESIGN OF FLAT SLABS, 


TABLE III.— DESIGN OF FLAT SLABS. 


'Thickness op Slab, Areas of Steel and Sizes op Column Head are Given for Different Spans and 

Percentages of Steel. 

Live Load 200 lb. per sq. ft. 
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The values printed m black type are figured for a column head 7 ft. in diameter, and the thickness of the slab is 
increased to withstand the shear. If the reinforcing rods are so bent that more than 60 lb. in shear can be allowed 
on the concrete, the thickness of the slab may be decreased provided the steel areas are increased sufficiently to give 
the desired strength. 

•Area of steel over column head= circumference of column head in inches xdx/> or p' depending upon whether 
the steel is m ten«'ion or compression. This steel is assumed as distributed over the entire widths of the bands. Thus 
if cl band of steel has 2 sq. in. steel in section, the area, effective, for two bands will be 8 sq. in. (See example.) 

TABLE IV.— DESIGN OF FLAT SLABS. 

Thickness of Slab, Areas of Steel and Sizes of Column Head are Given for Different Spans and 

Percentages of Steel. 

Live Load ^00 Ib. per sq. ft. 
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The values printed in black type are figured for a column head 7 in diameter, and the thickiiess of tiie elab is 
increased to withstand tlfb shear. If the reinforcing rods are so bent that more than do lb. in shear can be allowed 
on the concrete, the thickness of the slab may be decreased provided the steel areas are increased soffidently to give 
the desired strength* 

• Area of steel over column headscircumfetence of column head in InchesKdx^ or ^ depending upon wl^lier 
the steel is in tension or compression. This steel is assumed as distrilmted over the entire widths of the bands. Thus 
if a band of steel has 2 sq. in. steel in section, the area, effective, lor two bands will be 8 sq. in. (See exgmple.) 
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EXAMPLE. 

For a warehouse* floor with a live load of 150 lb. per sq. ft. and a column 
spacinj4 of 20 ft. •’each way, what is the necessary thickness of slab, size of column 
head, and amount of stecM ? 

f 

Solution. — From Table 2 the thickness of slab is givein as in., the size of 
column head as 5*5 ft., and the area of steel as 24*7 sq. in. at top of slab and same 
amount at bottom of slab ovtT column, using ratio of area of sU*el in tension to area of 
concrete below stetd as 0*017. I^ivi^ing these values by 4, as each end of the bands is 



oooo 0.005 aolo aois aoeo ao25 aoao 0.035 o.o4o 
Valuer of Conatant 

Fig. 8. Diagram Giving Values of Constants in Formula 

CM'‘ 

j _ Depth of Steel in-Compression . . _ Area of Steel in Tension. 

Depth of Steel in Tension. Area of Concrete above Steel. 

effective, we have 24*7/4 = 6*2 sq. in. as the area of steed in each band. For this may 
be used twenty |-in. round bars spaced 5 in. centre to centre for both tension and 
compression steel. 

The amount of steid required at centre of rectangular band is 0*17 sq. in. per ft. 
of width. Placing a |-in. round bar every 10 in. gives mor<i than the necessary area, 
but ease in placing the steel makes up for the extra amount. The amount of steel 
required at centre of diagonal band is 0*35 sq. in. per ft. of width. |-in. round bars 
every lo in. will thus give necesisary amount of steel. 



A REINFORCED CONCRETE DOSlE 



AN INTERESTING 
REINFORCED CONCRETE 
DOME. 



By DR. A. KLEIN LOGEL, Lecturer in Darmstadt Technical G>llege. 

• 

The effectiveness of reinforced concrete from the point of vtev) of economy in space anc 
from the artistic standpoint is wetl shovm In the re§ioraiion of the dome described in the 
fblloviing article. We Viould here mention that we are indebted to the Journal, * * Beion 
V. Eisen,'* for our iliastrations.^ED. 


The h|alth resort of Si. Blasien, situated among-st beautiful pine woods in the 
southern pan of the Black Forest, has been celebrated for centuries, and not 
least for its venerable Benedictine abbey, although the latter has long been given 
over in part to industrial purposes. • The old monastery buildings are occupied 
by an extensive spinning mill, and only the central building, conspicuous even 
at a distance by its dome (Fig. i), remains devoted to ecclesiastical purposes. 
In 1874, however, an extensive fire broke out in the adjacent spinning mill, 
which also de- 
s t roy e d the 
wfXiden frame- 
work of the dome. 

Whilst in 1883 
the outer dome 
thus destroyed 
was replaced by 
o n (i of iron 
covered with 
wood and copper, 
it was only pos- 
sible in 1910 to 
complete the inner 
structure of the 
churdj — namely, 
by separating the 
interior from the 
iron dome by a 

fireproof rein- ^ 

forced concrete saucer dome. 

The light construction of the outer dome did not permit of suspending the 
saucer dome from it. It had also to be taken into account that the outer walls 
and the drum had suffered damage from the fire, so that it was a fundamental 
condition that the old walls should be spared as much as possible. There were 
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Fig. 1. View of External Iron Dome of the Church. 

A ReinforcA Concrete Dome at St. Blasien, Germany. 



A. Kl^EiNLOGEL. 
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Fi«. 2. /-e/i— Original Design ; -Construction of Saucer Dome finally adopted. 

A Reinforced Concrete Dome at St. Bcasibn, Germany. 

further conditions connected witlj the existing structure, so that ultimately a 
shallow construction in reinforced concrete was adopted {Fig. 2, rigljt half), 
which is in the upper part a flat dome of 15*4 metres diameter and 1*5 metres 
rise, and in the lower part a 20-sided tent-vault, of 337 metres span and 5‘25 
metres height. The upper part is painted*with' casein colours on a double lime 
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- I^ig. 3. Details of Reinforoement. 

A RbzKforceo Co»(caarrB Domb at St. Blasibn, Germany. 



A REINFORCED CONCRETE BOMB. 


\s^ 


plastering by the artist, Georgi, of Karlsruhe. In this connection it is interest- 
ing to note that the wood framing of this part was, before concreting, covered 
with crushed granite, free from sand, in order to provide a siffficiently rough 

surface, free 
from cement. 
The tent-vault 
c o n s t r uction 
carries a sus- 
pended ceiling, 
or false dome, 
which hangs 
from the main 
structure by 
about 2,000 
galvanised 
wires, and 
consists of 
slabs of Duro 
material. These 

slabs are composed of a mixture of plaster with chemical hardening agents and 
vegetable fibre, such as manilla, and are manufactured in Constance up to 
h square metres in size, and can bt? reinforc'ed if necessary with steel. 
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Fif{. 4. Underside of Unfinished Structure. 

A Reinforckd Concrete Dome at St. Blasikn. Germany. 


In order, as 
mentioned above, 
to minimise the 
strain on the old 
walls, a method 
of construction 
was adopted 
which must be 
described as in- 
genious and well 
conceived. The 
lowest tension 
ring of the dome 
bears a stress of 
156 tons. Had 
this ring and the 
ends of the ribs 
been let into the 
brickwork, the 
latter must have 
been considerably 
^ wetikened. . I n - 
stead of this, the 
ring is carried en- 
tirely outside the 



• Fig. 5. Reinforeemeiit of tbe Saucer Dpme. 

A Reinforced Concrete Dome at St. BLAaisN. Germany. 
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masonry, and is free in space (Fig, 3). Only such connections are made 
between the ring- and the struts as are necessary, first to suspend the ring and 
secondly^ to transmit the stresses from the struts to the ring. This transmission 
is effected by means of special shoes constructed of flat and angle ironr. In this 










Fig. 9. Saiic«r Dome Centeriim partly raiaforped* 

A Rsimforcbd Concrete Dome at St Blabism, Germany. 
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tlie stresses in which are mainly axial, are treated as columns for reinforcement 
(Fig. 3), whilst the intermediate panels are simply reinforced with straight rods 
(Fig. 6), TheT reinforcement of the saucer dome is composed of an inner and 
outer steel network, as is best seen in Fig. 9, from which the connectipns of the 
small dome with the tent-vault may be clearly made out. 

Since the height of the dome above the floor is considerable, special center- 
ing and scaffolding were required. For this purpose a form of steel scaffold, 
already employed with success *ln many instances, was used, the details being 
shown in Figs. 7 and 8. Before use the scaffold was subj^ted to thorough 
loading tests and proved itself then and afterwards cn actual use thoi;i3[Ughly 
satisfactory. The scaffolding consisted of steel tubes from 2*5 to 6 metres in 
length and 70 mm. external diameter, 3 mm, thick; at the joints tubes 50 cm. 
in length were pushed on with a tight fit. In addition, a nunSber of cross- 
connections were provided to give the necessary lateral stiffness. ^ 

'rhe construction of the dome was carried out at the end of 1910 by the 
well-known firm of Dyckerhoff and Widmann, 160 cubic metres of concrete and 
38 tons of steel being used. The archit^tural design was due to Prof. 
Ostendorf and the State architect, Herr Schmleder. The statical computation, 
and especially the idea of the free-haqging tension ring, were due to the 
technical director of the firm, Herr Spangenberg, together with Herr Mund. 
The church is now again in use, and the solution here adopted may lay claim to 
a union of valuable constructional ideas with artistic effect. 



BILLS OF QUANTITIES, 



It is our intention to publish the Pnpers and Discussions preset)fed before Technical 
Societies on mutters relating to Concrete and Reinforced Concreie in a concise form, and 
in sum a manner as to be easily available for reference purposes* 

The method vie are adopting, of dividing the subiects^ into sections, is, vie believe, a 
nevi departure*— ED* 


THE CONCRETE INSTITUTE, 

BILLS OF QUANTITIES FOR REINFORCED 
CONCRETE. 

By JOHN M. THEOBALD, F.S.I.. M.C.I. 

The follo'vjing is an cxtraci of a paper by Mr, John M. Theobald, M*C,L, 

read at a meeting of the Institute on November 2Sth, Mr. E, F. Wells, the President, 
in the Chair. A lengthy discussion followed, and 7 ms continued at a subsequent 
meeting on December 12th. Of this discussion a short summary is given. 

GENERALLY. 

After some introductory remarks as to the reasons of the pa|>€r and some reference 
L<> the question of bills of quantities generally, the methods employed in obtaining 
same, the author went on to say that at tJie pres<»nl time, when an architect decides 
to construct a building of reinforced concrete he sends a sc*t of plans, sections, and 
elevations to one or possibly more firms of specialists, who then submit a scheme of 
construction under their r(^s[x'ctive systems, together with an approximate estimate 
of the cost. The firm whose tender is accepted by the architect then prepare their 
working drawings, which, with a bill of quantities (also supplied by them), are sent 
to the contractors, and the accepted tender is either incorporated by the quantity 
surveyor in the quantities sent to the j^eneral contractors or is the subjt^cl of a separate 
contract, as the case may be, 

REINFORCED CONCRETE. 

Reinforced concrete, from his point of view — namely, that of the quantity siirvevor 
— has but recently emerged from a healthy infancy ; but, now that its employment is 
being adopted on all sides, there is a feeling, not confined to the members of his own 
profession, that the specialist contractor should receive the same treatment as the 
builder. 

In ildvocating the claims of the quantity surveyor in connection with reinforced 
concrete, the author was well aware that he would be told that time does not admit 
of his employment, and that until the details are complete he would be unable to 
commence his work, and the delay thereby entailed might; be considerable. Whilst 
admitting the objection, his reply was that, if the building were, for argument's sake, 
a steel-frame building, the steelwork details would have to be prepare!, and he Mt 
sure that he would be libelling the members of the Concrete Institute by suggesting 
that they take longer to supply their details than do the eteel manufacturers^ 

Of course, there may be cases in which rapidity of construction is everything. 
Under those circumstances, the preparation of bills of quantities by a quantity surveyor 
is impracticable. He may still, however, be advantageously employed in the preparar 
tion of a schedule of prices and subsequent measurement. 
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PRESENT SYSTEM EMPLOYED BY CONCRETE SPECIALISTS. 

^ Under the present system, the quantities issued by the concrete specialists, by 
their own showing, are prepared before the working details are complete, and though, 
granting the neSsessity (which the author does), he admits that they are in a better 
position to do their work under these* conditions than would be the quantity surveyor, 
by reason of their employment of consents and formulae of which he woifld have no 
knowledge. It must surely frequently happe^, however, that in making the various 
details it is found necessary to alter the drawings from which the original quantities 
were prepared, and the latter are, consequently, inaccurate to that extent. 

Under the present regime th§ir correctness is not guaranteed, which, assuming 
for the sake of argument that the drawings from which the building is subsequently 
erected differ from thos-e from which the quantities wwe prepared, would seem to 
press unduly hiwd uix>n the contractor. The contractor •is mentioned because the* 
author considers the risk in this case is more likely to be his than the building^wners’, 
as the alterations would more probably tend to increase the cost of the building than 
to diminish it. It is ot^^iously not a ix)int upon which a quantity surveyor can have 
first-hand knowledge. 

FORMS OF CONTRACT FOR REINFORCED CONCRETE CONSTRUCTION. 

The forms of contract under which reinforced mnerete construction is carried out 
are, as far as the author’s own experience extends, four in number : — 

1. The “ lump-sum ” contract, in which the contractor undertakes to erect the 

building for a stipulated amount — ^no nn*n.tion being made of the ifiethod of 
dealing with any variations that may be made during the progre^ss of the work. 

Anything in the nature of a “ lump-sum ” contract of this description the 
author thought most unsatisfactory. 

2. The “ lump-sum ” contract in which the bills of quantities do no.t form part of 

the contract, but the contractor undertakes to deposit a copy of his priced bill 
• of quantities, which, as regards prices only, is to form a basis for arriving at 
the value of any extra or omitted work. 

3. The “ lump-sum ” contract, in which the bills of quantities form jwirt of the 

contract. 

4. The “ lump-sum ” contract, in which the bills of quantities form a schedule 

, only, and the entire building is remeasured. 

VARIATIONS. 

If, how'cver, he urged the employment of a fully qualified quantity surveyor for 
the fjreparation of quantities for reinfortxxl concrete, he did so even more emphatically 
when dealing with the question of variations. 

It is apparently not usual h>r the concrete specialists, who prepare the originail 
quantities, to svtt\e the extras and omissions at the completion of the contract. This, 
aL any rate, was the author’s experience. The measurement of variations — again 
speaking personally only — is an acquired taste even when dealing with one’s own bill 
of quantities, but in reinforced concrete, unless under these circumstances, it is 
anathema. 

Quantity surveyors, from bitter experience of variations, have learnt to “ take 
off ” with a wealth of detail which would probably surprise many. It would be found 
that, whereas to the uninitiated the description of the item itself is comprised in half 
a line of utterly unintelligible abbreviations, a further two or three lines are taken up 
by a description of the particular portion of the building in which the item occurs. * 

A short time ago the author was appointed by the building-owner to measure the 
variations on a reinforced concrete building, with a firm of surveyors appoint^ by the 
contractor. The alteration®' were unusually drastic, and*after a preliminary meeting, 
it was agreed that the specialists should be asked to lend their original dimensions for 
the purpose of arriving at the omissions. Fermission was, of course, readily granted, 
but upon thei contractor’s surveyor calling for same, he was shown a sinall sheet of 
paper on which, he was informed, were the dimensions in question. Further inquiry 
elicited the infomation that the dimensions from which these totals were obtained had 
been de^royed as being of no further use. • • 

Under these ctrcum^ances, of course, there w'as no alternative but to re-measure 
the omltt^ work as best possible. Whether the measurements approximated to those 
originally taken is in the highest degree problematical, and whether the building, 
owner^or the contractor suffer«d bv the measurement will never be known. 

* 46 • 



S/LLS OF QUANTITIES. 





This was not a typical case. He did not say for a moment that it is usual tto destroy 
the dimensions when once the totals are obtained, but he did say that engineers, by 
the very reason of their profession, are not in a jwsition to take off the quantities fw 
their work. The methods of the modern quantity surveyor are the outcome of thm?, 
if not fous, generations’ knowledge of tlie theory and the practice of his profession, 
and it has probably taken him between seven and ten years constant application to 
acquire it. The education of an efigincvr — with which term he, of course, included 
the specKilist in reinforced concTete — is even more arduous, and the exercise of bt>th 
professions in the person of one individual seemed to him almast an impossibility. 

ADVANTAGES OF EMPLOYMENT OF QUANTITY SURVEYORS. 

The author then went on to argue whether the employment of a quantity surveyor 
would have obviated any f>f the disadvantages of the varit>us forms of contract that 
have been enumerated. 

In the first cast*, that of the “ lump-sum ” contract jDurely and simply, thi‘ 
measurement of the extras by him would, the author ventured to think, result in a 
greater degree of accuracy, and would probably be^ advantageous from the building- 
owner’s point of view’. 

In the set'ond c^ase, that of the “ lump-sum ” contract in which the quantiti(*s do 
not form part of the contract, his employment w'ould be amply justified. For anv 
shortage in the quantities he w'ould be responsible to the con'tracU)r, and for any excess 
of measflrement to the building-owmer. If he w^as corrert in saying that no re- 
sponsibility is taken at the jM-es^mt time, the advantages an* obvious, both to the 
building-owmer and the contractor; w'hile, assuming an error against the latter, the 
leinforced concrete specialist would possibly be savt*d a succession of unpleasant 
interviews. 

In 'the third example, that of the “ lump-sum ” contract where the quantities form 
|)art of the contract, the advantages of the introduotion of the quantity surveyor are 
chiefly confined to the method of taking off ” the original quantities and the conse- 
quent facilities for dealing with the variations. The res|>onsibility is less, admitte<lly ; 
but the author thought any quantity surveyor worthy of the name would prefer to take 
the resfxmsibility for the accuracy of his quantities at, of course, a slightly increastxl 
fee to compensate him for the risk. ^ 

In the last case, where the bills of quantities form a schedule onlv, and the build- 
ing is re-measured, he rather fancied that no reinforced concrete sjxjcialist would be 
prepared to give the time to such re-measurement. 

METHOD OF MEASUREMENT EMPLOYED. 

He did not know to w^hat extent method of measurement may bo taken as within 
the scope of his instructions, but he proposed to touch briefly upon the point. 

He had in his oflfico at the present time a bill of quantities, prejMtrixl by a firm <»f 
sp(*cialist.s in reinforced concrete, for a building the cost of which runs well into five 
figures. It consists of three items — concrete, cenUring, and reinforcement. The latter 
is subdivided into three items of rods or bars in various sizes, but beyond, presumably, 
an inspection of the draw ings, this is all the information given to the contractor. 

With the greatest respect, the author ventured to say that no contractor, however 
experienced, can price that bill with any degree of accuracy, and he did not see how^ 
he could be expect<’d to do so. He was not saying he would not make a profit on the 
job, but he did say that he had no idea what profit. 

The-4ime, however, has now arrived when bills of quantities for reinforced concrete 
should justify their existence and be, in fact, such as will enable the contractor to 
form an accurate idea of theVork involved, w^hich, in the author’s opinion, he cannot 
do under the present system. ^ 

SUGGESTIONS AS TO METHOD OP MEASUREMENT.^ 

In making the following suggestions as to method of n^easurement, he wanted it 
tc be clearly understood that he was not laying down any hard-and^ast rules. The 
• idea is to obtain th^ opinions of members. 

The tendency under the present conditions seems to be to unite as many items as 
possible under one description. The author pleaded for a “ separation order,” and a 
fuller description of the work involved. 


47 



THE CONCRETE INSTITUTE. 




Centering. — In the first place all concrete and centering should be kept separate 
on the various floors. 

The concrete in walls, floors, beams, stanchions, stairs, etc., should also be 
separated. It was not necessary to further subdivide the concrete. The stanchions, 
for instance, if octagonal, circular, or circular on square — the beams if tal>ering, the 
stairs if flowing — do not entail an additional labopr (speaking, of course, of concrete 
only), and there is, therefore, no object in further separation. 

It is on the question of centering that the prcs<mt system of preparing bills of 
quantities leaves most to be desire^. 

The prices of concrete and reinforcement are easily arrived at, and vary but little. 
The centering is by far the most difiicult item for a contractor to prioe, and it is, there- 
fore, absolutely necessar}' that the description should be ajij. full as possible and every 
variation and labour either measured or described. 

Wall Centering. — Commencing with wall centering- if circular it should be so 
described, and the radius given. Then, with regard to the vexed question of deduction 
for openings. Unless V(Ty large, it has hitherto been the custom to assume th(‘ center- 
ing went across the openings, and, consequently, to ignore them. These ojx'nings 
should be deducted, and a numbered item taken of centering to openings of various 
widths and heights — averag<Hl where similar in size, hut not otherwise. This item has 
betm measured pc^r foot run, but, as the ».nief cost is that of maintaining the supports 
of the wall centering in which th<* optmings ocqir, it is essential that the t/ontractor 
should have the actual sizes— an average of the same would be incorrect because 
misleading. 

Floor Centering,— \i ne-ed only l>e mentioned that all raking, or circular cutting 
and waste; should be measured. 

Centering to Beame. — I'he centering to beams should be measured f>er foot super 
— circular being, of course, kept separate — including all cutting at angles, etc. If the 
beams arc splayed on bottom edge, measure either “ Extra labour forming splay blank 
width on edge of beam casing,” ” Angle fillet blank width and fixing on (xlge of beam 
casing to form splay,” or, take the item “ Including all splayed edges ”; the latter, 
however, the author considered unsatisfactory. 

If the beams are irregular or unusual in shajK', k<M'p the cenUTing s<'parale and 
give a sketch. 

The centering to small beams, say, i8 in. girth and under, measure per foot run. 

Centering to Columna. — ^^rhe centering to columns and stanchions should be 
measured i>er foot super, every variation in the shape being kept separate and fully 
described. He preferred to include all cutting in the description, but it can, of course, 
be measured separately, though he saw no object in doing so. 

All extra labour, such as from octagonal to square, number as “ Extra over 
centering for ” giving a full description. 

Centering to Stairs. — Centering to stairs should be measured per foot suix*r, as 
” Centering to sloping soffit of stairs.” If ” flowing,” it should be measured 
separately. 

Edges of Concrete Floors. — All edges of concrete floors, well-holes, sides of 
steps, etc., should be measured per foot run, giving the thickness, but if 12 in. thick 
or over, per foot super. 

He need hardly say the description of all centering should include for all necessary 
strutting up from floor below or otherwise supporting. * 

The steel reinforcement being only of light bar, he did not think it necessary to 
separate the various weights on each floor. * 

Barm. — As, however, the prices of the bars vary according to size, until experience 
teaches which sections could be added to|[ether, it was advisable to keep them all 
separate undir a beading on the following lines : — 

The following in bar-steel reinioroement and hoisting and fixing at various 
levels (not exceeding blank feet from ground). 

^ With regard to the question of bends, hooked ends, etc., he aras of opinion that, 
iSi bar reinforceihenf Is of sufficiently small scantling to be bent cold, they can 
in the description, the labour being so small that, if numbered, they 
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BILLS OF QOANTITUBS. 

are likely to disproportionately increase the price of the steel. Where, however, they 
have to be forged, they should be numbered. Stirrups and ties should be numbered, 
giving the diameter and length of the wire. * 

It would be advisable, at the commencement of the bill, to describe such of the 
methods of measurement as might be open to misconstruction by the contractor, as, 
for instance, that all window openipgs have been deducted from the wall centering. 
This will probably only be necessary for k short time; but until contractors have got 
used to quantity surveyor’s methods of net measurement, he considered that any 
information tending to lessen the risk of misunderst^nfding is wisely given. 

There are, of course, many items which have not been touch^Ki upon, but he 
thought he had sufficiently indicated the principle of the method of measurement to 
enable criticism to be madoi 

Conclusion. — Should the employment of quantity surveyors become customary, 
. it will undoubtedly lead to a greater degree of uniformity of method of measurement 
of reinforced concrete. At the present time the acquaintance of* quant ilv surveyijrs with 
the reinforced concrete spc'cialist was not one of long standing, but the author ho|>ed 
this would soon be r€mt*died. 

The President, before the discussi<m was opened, read a letter from Sir Henry Tanner. 

Letter from Sir Henry Tanner, C.B., F.S.O, ( Pasi~I*residfntJ. 

“ I quite agree with the principles referred to by Mr. Theobald. 

“The practice of inviting design and tenders in open competition is, in my opinion, very 
unsatisfactory ; it leads to cutting down of the most vigorous kind, although the design may 
be within the limit laid down. * 

“The quantities prepared by specialists are generally based on the Prench system, which 
is not very comprehensive in details. It is not uniisuaPto find a staircase put down as one item, 
whether of stone or wood. This is not what we in Kngland are accustomed to, and the results 
are difficulty in adjusting variations, and, T presume, in the majority of cases the building 
owner sufliers. 

“The necessity of dividing the items mentioaied is of the greatest importance, because 
while the concrete and the steel can be ascertained definitely as a rule — not always — there is 
nothing to indicate the charatJter of the false work. Therefore, while every care is taken in 
regard to the first two items to keep them within the total quantities provided, there is, no 
interest whatever in keeping down the false work, ('onsequenlly, when a flat slab might be 
made to meet the case by a small addition of concrete, the builder has to case round raking 
struts projecting on either side. The raking, cutting, and waste involved are patent to anyone. 

“ There is another matter having very serious results on the progress of the work, and that 
is multii)lication of sections differing by sands of an inch m diameter. The mills cannot be 
got to put in rolls for the small quantities involved, whereas there would be no difficulty if 
pains were taken to add a little to some and takeoff a trifle from others and adjusting distances 
apart. 

“ Under the present system the delays dliat take place at the commencement are appalling. 
The drawings showing the plans and sections, and generally the jxisitions of the beams and 
stanchions, are prepared by the architect, and, together with a specification and conditions of 
contract, are supplied to persons indicating their ilesire to tender. This labour will be appre^ 
elated by architects, and adds (.“onsiderably to their exjienses. With the tenders are supplied 
some calculations and a few typical details, and the contract having been secured after 
examination of these details, you are at the tender mercy of the specialist, and he suits himself 
bn the contingencies of his business as to the supply of the rest. It is the builder who is 
answerable to the building owner, and the specialist can generally shuffle out of any responsi- 
bility to his nominee. The consequence is that the ordering of steel is delayed, and the time 
allowed to the mills is altogether insufficient in normal times. 

“In my opinion the specialist, like the architect, should be ready with the whole of his 
drawings, and the quantities should be properly prepared by a surveyor on the English system. 
How far the rods should be divided into sizes is a matter rather depending upongirice per ton 
than on any other basis, but hoisting certainly has some small effect. I dare say the builder 
would put one figure to the lot, but he has the option of doing otherwise. The rod diameters 
i^iould be as few as possible, and the false work, and hence the concrete placed in the forms, 
as simple as possible. \ do not believe in varying the proportions of the cement; this leads to 
difficulty and increases the responsibility of the clerk of works, and when one considers that 
in three or four months the concrete has perhaps doubled in strength there is no need for such 
niceties and differentiation. 
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“If reinforced concrete building is to become popular it must be made as simple as 
possible, which means economy aind generally is entirely advantageous. 

“My remark^ have wandered somewhat from the scope of the paper, but still they all 
bear on the method to be pursued in tendering. I have had experience of obtaining tenders 
on the basis of general drawings and quantities, omitting the competition for design, and 
these have shown very good results — as good, if not better, than tliose obtained when com- 
petitive designs and tenders are resorted to. This latter system does not allow the liberty of 
alteration that the former is capable of. 

“ I beg to thank Mr. Theobald for bringing forward the subject, as, in my opinion, tne 
change is a fundamen<tal one and musf come.” 

A letter was also read from Mr. Burton, the Engineer to the West Hiding of Yorkshire. 

Letter from Mr. W. E. H. Burton^ Assoc.M.InshC.E., M.C.l, 

“ I am much obliged to you for your letter enclosing me a copy of the paper to be read 
by Mr, J. M. Theobald on “ Quantities for Reinforced Concrete.” 

“ I have read the same with much interest, and regret that I shall not be able to be present 
at the meeting ; however, I have pleasure in appending a few general remarks on the same. 

“If Mr. Theobald’s paper results in the quantity surveyor becoming duly recognised as a 
necessary agent in the carrying out of works in reinforced concrete, it will inaugurate a new 
era that will be hailed with delight by architects and txjntractors alike. Under the present 
system it is well-nigh impossible to secure satisfactory competitive tenders. The number of 
items in the quantities issued by concrete specialists^ is too meagre to admit of a*Aontractor 
forming a complete idea of the work required to be done. The labour in bending bars and 
placing the reinforcement varies much in the different systems and is a very uncertain factor, 
and is often misleading to contractors who huvesnot had exi>ericnce in the particular system ; 
hence such disproportionate tendering. Again, variations appear almost a sine qua non, and 
without a carefully drawn-up schedule of quantities an equitable settlement cannot be arrived 
at. 

“Quantity surveying has become a science only ac;quired by years of training and ex- 
perience, and taking off quantities for reinforced concrete will call for still further attainments 
on the part of its practitioners. It will mean that they will have to give reinforced concrete 
a closer study, and be at least capable of checking the various schemes they handle, and 
advising the architect ujjon matters of construction and detail. 

^ “On the other hand, the quantity surveyor will require the engineer who formulates the 
scheme to supply him with an infinitely greater number of drawings, particularly large .scale 
details, than have been considered necessary in carrying out such work in the pa.sl. 

“ Incidentally it will probably lead to more engineers designing their own reinforcements, 
and not relying so much <m the so-called specialists. 

“The result will be to secure contractors a fairer basis upon which to tender, clients full 
value for their money, the architects more facilities in settling up accounts, and thus forward 
the use of reinforced concrete ; and our thanks are due to the author for this able introduction 
of the subject.” 

DISCUSSION. 

^r. A. Albma ti, Scott, M,S,A. (Member of Council, C'oncrete Institute), opened the dis- 
cussion, and referred to Sir Henry Tanner’s remarks with regard to architects receiving com- 
petitive schemes from so-called specialist firms at some length. “ An architect is usually 
employed to look after the clients’ interests, and he cannot look after his clients’ ‘interests if 
he throws the responsibility on to someone who is not a trained or professional person. ^ 

“ An architect is responsible to his clients if he does not employ a quantity surveyor for 
reinforced concrete work as for other work, and any trouble that might ensue ii%a building 
contract is morally thrown back on the architect. 

“ Specialists apparently do not attempt to guarantee thtfir quantities ; in fact, when any- 
thing goes wrong they do not even attempt to justify them. 

“Regarding the Mump sum’ contract, my contract is fair if it is entered into by two 
sane people provided there is no pressure on entering into that contract.” 

The Speaker then dealt with various other points in the paper at some length. 

T. A. Wmtom, thought that at the present time there was too much undue 

haste in the preparation of reinforced concrete schemes, and sufficient time was not given 
to the ootitractor or the concrete specialist to prepare and price the various schemes. There 
one thin|[ ; if Mr. Theobald’s suggestion was carried out, it meant practically the abolition 
ol;^nkpeli^ipn between various reinforced concrete specialists. If Mr. Theobald’s scheme were 
^ried out tht Architect or the building owner would have to decide on a firm of reinforced 
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concrete specialists to carry out the work, or an engineer to design the work, and that, he 
considered, was something very useful gained. 

“ There are some difficulties in the way of carrying out the scheme, ole of ^which is the 
difficulty that the reinforced concrete specialist or the engineer will have in preijaring detailed 
drawings of reinforced concrete work in time to satisfy the client, and in time for the quantity 
surveyor to take off his necessary particulars, beic'ause the details of reinforced concrete are 
very considerable and necessitate a lot* of arduous work on the part of the engineer, more so 
than is the case with steel -work construction, and where time is of value the only method of deal- 
ing with the reinforced concrete quantities is by the suggestion which Mr. Theobald has laboured 
through, doing a lump ssum contract in which the bills quantities lorm a schedule and the 
entire building is remeasured.” 

Mr. A. Q. Crosst F.SJ. (Hon. Se<rciary, Quantity Surveyors* Association) : There was 
one point he did not think h^id been sufficiently emphasised by the ieclurer, and that was the 
advantage which accrued to the building owner from the employment of the quantity siii- 
* veyor. After all, it was the building owner who provided employment for the architect, the 
engineer, and the quantity surveyor, and his interests should be thetr first consideration. 

An inestimable advantage accrues to the builder /rom the employment of the quantity 
surveyor ; and the quantity surveyor once being employed, it is his duty to see that quantities for 
every item embraced in the building or engineering structure uixm which he may be engaged 
are provided. Jly no .other means can the value of artificers* work be accurately estimated — 
in fact, the surveyor’s opinion upon any question of value is usually worthless until the 
(iuantities'*are prepared for the i>arliculjy building. There is nothing in either llue workman- 
ship or the materials of a reinforced concrete structure which, from its nature, cannot be 
measured and its value estimated by the surveyor’s usual methcnl of picking a complicated 
building to pieces and measuring each item of which it is c'onstrucled. 

“ Further, the provision of a bill of quantities usually re.sulls in a lower estimate lieing 
obtained. This in itself is of advantage to the building owner.” 

Mr. S. Bylander, M.C.I. (Chairman of Council, Junior Institution of h'ngineers), advo- 
cated a system of simplicity as regards taking out quantities. lie suggested forming a 
standard, and it occurred to him that a very simple way was unit jirices or unit quantities, and 
that it could be adopted with advantage. For instance, so many square feet of floor at certain 
thicknesses, and so many foot run of beams of certain sizes. The quantises might also state 
the weight of steel per foot run instead of the total weight of steel. Further, the number of 
bend^ per ton of steel might be stated, as well as the size of the bars. It was very (XMivenient 
for contractors to price a bill of quantities which <ontained as few items as |X)ssible ; still, 
the different items should be separated so that thev could be properly priced. 

With regard to separating the items for different foors, he did not think this necessary, 
perhaps, for an ordinary siz^ed building, but it was very usful to have the different quantities. 

Mr. T. B. Bare (V.-P. Quantity Surveyors’ Assn.) thought everybody would be better olT 
by the employment of quantity surveyors in ascertaining the value of reinforced concrete 
work. One chief difficulty seemed to him to be the question of steel, and with regard to steel, 
and i)erhaps to steel only, he suggested that provisional quantities be calculated from ihe 
constants of steel, and there would then Ise no difficulty with regard to the detailed drawings 
not being prepared in lime. He thought a fair estimate of the amount of steel that would be 
required could be arrived at in that way. 

Mr W. a. Peiklae (District Surveyor for llolkorn ; Member of Council, Concrete Insti- 
tute) did not think that constants could be used in the way suggested by Mr. Hare. 

He agreed with a good deal of what Mr. Alban Scott had said as to the specialist, 
although he did not go quite as far as he did. Fie thought tl.ut tlie architect should learn a 
*little about reinforced concrete. He should be able to design his floors, his beams, and his 
stanchions jn such a way that he would be able to show on his drawings appro.\imately the 
number of bars, their arrangement, and their diameter, the amount of reinforcement to take 
diagonal tension, etc. The quantity surveyor is then able to measure it and put it into his 
bill. Thar would give the builder something to price, and it would give a basis upon which to 
measure extras and omissions. • 

Turning to the question of measurement, the centering of floors should be with in a 
little more detail than Mr. Theobald suggested, but sketches and sections showing the various 
sweeps and bends should be added to the bills of quantities. Further, the steel which obtained 
in helical or other curv^ed reinforcements should be kept separately from the straight. 

Mr. R M, Kemraa quite agreed with Mr. Theobald in advocating that quantity surveyors 
should prepare the bills of quantities for reinforced wqrk, but it seemed to be generally under- 
stood that the patentees of the different systems insisted on the use of quantities prepared by 
their own experts. This, for various reasons, was not a satisfactory state of things, and it was 
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highly probable that the client would obtain closer and more favourable estimates from con- 
tractors if they were supplied with bills of quantities which would give them a reasonably 
accurate idea of tile work required to be done under the terms of the contract. 

The matter was one of deep interest to quantity surveyors, for it was evident that the 
employment of reinforced concrete was rapidly increasing. u i- j 

With reference to the items proi)osed to be inserte<l in bills of quantities, he did not agree 
with Mr. Theobald on every point. Labour items should be discarded as much as possible. 
They were likely to be over-priced so far as the centering was concerned, the latter to a large 
extent being only chargeable as “ use and waste.” It was not customary to measure the labour 
on centering in connection with the stdhework in Gothic window and door openings. 

All the concrete walls and floors should be supered, keeping each floor separate. The 
concrete in beam® and piers might be cubed. 

The centering to wall® and floors should be measured over jfil surfaces and billed at per 
square or foot sui>er. The casing to beams and piers, cornices, jambs, etc., might with 
advantage be measured at per foot run, stating the girth and giving a figured section in the • 
margin of the bill showing any angle fillets or splay cutting. 

With reference to the reinforcement itself, the whole of the steel bars, loops, stirrups, 
or ties should be weighted and billed at per cwt. There should be no numbered items. When 
wire is used for binding it need not be measured, but should be mentioned. In short, the jirice 
quoted per cwt. for the reinforcement should cover the whole of the smiths’ materials and 
labour. 

Mr, W, B. Dsvis (M. Quantity Surveyors’ Assgeiation), after dealing with Wr. Alban 
Scott’s remarks and some general references to quantity surveyors, said, with regard to the 
centering, there was one p<iint which olTered difficulty, and that was the re-use of centering. 
For example, take a warehouse with, perhaps, fivft or six floors ; it made a very great difference 
to the cost of the centering a® to the number of times it could l>e re-used on the same building 
without a large allowance for waste. 

Afr. Q§orge Corderoy, A8§oc,Inat.C.B., M C.I. : “The difficulty which is ex- 

perienced in taking out quantities for reinforced concrete work really resolves itself into 
this, that the system of reinforcement to be pursued has so seldom been settled before the 
tenders have been invited. The practice which has largely prevailed hitherto has been to invite 
the estimates for various systems of reinforced concrete for the same building or for the same 
structure. 

In dealing rather extensively with reinforced concrete work in dififerent forms — monu- 
mental buildings, warehouses, jetties and wharves, etc. — at any rate in the present state of 
knowledge and in the present welter of systems — it does not .seem possible to lay down any 
absolute method of measurement, as the methods of measurement must necessarily vary 
according to the nature of the building to be erected.” 

Mr, W, R, Hood, P,S i, (M. Quantity Surveyors’ Assn.)., said; “Speaking from personal 
experience, detailed quantities should be taken out for special work, for which, up to recent 
times perhaps, large sum® — ^provisional sums — have been put into the bills of quantities. In 
reinforced concrete woffk the same would have to be done as has hitherto been the case with 
iron constructional work. 

“The subject of the paper that Mr. Theo-bald has read will certainly lead to considerable 
discussion in the future in another place— in fact, in two places; for surely the Surveyors’ 
Institution should feel it incumbent upon them to call a meeting of their own members and 
the Quantity Surveyors* Association and, with the assistance of the reinforced concrete 
specialists, formulate a system of measurements which will be generally adopted. 

“ There is, undoubtedly, an element of speculation in the present system. If a specialist ‘ 
is invited to give an estimate for a particular system of reinforced concrete work, he naturally 
takes out the quantities in such a way as to cover him for any contingencies that fake place, 
and therefore the estimate that he produces is not an accurate estimate of the work that has 
to be carried out. There are variations in the general drawings and the detailed drawings, 
after the quantities have been prepared by the specialist, and those variations, if not adjusted, 
undoubtedly benefit the reinforced concrete spftialist, not the building owner.” 

7^0 showed a method which he had adopted for several years in taking out 

quantities,, and, as a rule, the original quantities can be taken if they were asked for at anv 
time, and cy«ry measurenkent checked f start to finish. ’ ^ 

Taking, as an example, one thing only— a column— and assuming, *for the sake of argu- 
ment, that the base being dealt with inclined at an angle of 45 degrees. Iii taking out 
quantities, is the method he adopted. Paper that is specially ruled divided up in five 
colnmni^ {illttstrating on blackboard]. For the sake of argument, let the first column repre- 
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sent concrete, the next represent shuttering, the third represent steel, the fourth represent 
the abstract or the analysis — this is the rate column — and the last is the total in |>ounds, shillings, 
and pence ; thus giving every detail of the quantities from start to finish, ft is not a case here 
of taking out quantities all over the place, then starting afterwards and abstracting them — 
and that is where so many mistakes are made. 

1 aking the first item — concrete, tj^ive its area by its thickness and reduce it down to cubic 

feet. 

Dealing with the next column — the measurement for shuttering [illustratingj. Xow, if the 
angle is 33 degrees, shuttering for that base is no^t required, as the concrete will stand up, 
but if it is to be 45 degrees the concrete will not stand up; therefore it becomes necessary to 
put a subheading under “ shuttering,** for the simple reason that the extra cost of making the 
shuttering on the splay is c^^iused by the cutting of the angles and the holding of the whole 
together. 

The steel column shows the whole of the steel — sizes of bars, their lengths, their weights, 
and also the shear members. This gives the weight of the steel in the base. 

This finishes the base of the column, with everything taken out — its concrete, its steel, its 
shuttering, both plain and splayed. Then carry the totals into the abstract column, also if 
there are any labours; but, as a rule, in column bases they are absent. Tn taking out proper 
bills of quantities, this gives everything for the abstract without having to refer to back sheets. 

Regarding the column shaft, the same method applies. First take the concrete, then the 
plain shuttering, the splayed shuttering under a separate heading : then take the steel in plain 
rods and an\ hooping or linking undef separate headings, all of which is alnstracted in the 
ioiirtli cohinvn, as well as any extra labour, etc. 

This same method ran be applied to jevery description of work. If by any possible 
chance tlicrc was any circular work, it was taken as an extra foot super on the ordinar> work. 
When it came to windows, the deductions should be made for the window area, and it should 
be stated in the quantities (hat everything was net, notwithstanding any trade custom to the 
contrary. lie contended that this system, if followed out in its entirety from start to finish, 
made reinforced concrete quantities the easiest to take out of any work. 

He recommended that all quantity surveyors should dcjiaTl from iheir usual method of 
taking out quantities for this work. 

ADJOURNED DISCUSSION. 

The Preeidentt in continuation of his remarks of the previous week and in accordaiiLt^with 
requests received by him as to the method he employed in taking out quant it it;s for rein- 
forced concrete work, had prepared a cartoon illustrative of his system. This carlooii simply 
represents the sheets that go out to a contractor when he applies to him to get out designs arnl 
quantities for the work. With the aid of the blackboard, the speaker then further amplified 
Ills remarks of the previous week. The method clearly indicates the necessity of separating 
out the dilTcrcnt items, such as steel, shuttering, concrete, column work, etc. 

He then called ujion other members to cxjntinue the discussion. 

Mr. R. W. Vawdrey, B,A. (Assoc. ^I. Inst. C. K. ; Mem.bcr of Council ( M.), said he was 
connected with a specialist firm, and cntirelv agreed with all that was contained in Mr. 
Theobald’s paper. The whole position of the question of designing rcinfo-rced concrete work 
in competition as it exists at present is most unsatisfactory, due to a very great extent, he 
thought, to the absence of the regularised methocl of dealing with the matter that obtains in 
nearly all other classes of construction. 

The great difficulty an<l the great amount of dissatisfaction which occurs in connection 
with the design of reinforced concrete work is owing to the fact Uiat contractors are asked 
to tender not upon one set of designs or one set of quantities, but on many such designs, all 
differing ^rom each other. It is that which induces the chief objection there is to the present 
system. ^ 

As regards the question of time, everybody who has had any experience with the question 
would agree with Mr. Theobald that the specjjilists concerned— that is, those firms who make 
it their business to design in reinforced concrete— will welcome wkh open arms the iniroduc- 
tion of the quantity surveyor. As is pointed out in the paper, the employ merf of n quantity 
surveyor merely relieves the concrete’ specialists of a great deal of elaborate work for which 
they are not so well fitted as a quantity surveyor, and, of course, it relieves them also of the 
responsibility. * 

As regards a separation order, this is a very good point, and has been elaborated by the 
President in his remarks. The more the quantities and the different portions of the strircture— 
the fittings, columns, beams, etc.— arc separated, undoubtedly the clearer and the cheaper it 
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After dealin* with the discussion at some length, the speaker staled m conclusion that he 
thought it was generally admitted that the present condition of tendering for reintorced 
concrete work is very unsatisfactory. Hut he did not wish to say that the specialist firms are 
to blame in the matter. If all architects would only realise that the specialist firms e.xist 
for the purpose as a specialist firm of designers, things would be very much simplified. At 
present, in the great majority of cases, architects or quantity surveyors acting for their clients 
almost invariably ask the specialist firms to submit tenders. That is, of course, absoluWy 
incorrect. The specialist firm does not, except in a very few instances, submit tenders. The 
spet'.ialist firm is a firm whose existence^is for the purpose of designing reinforced concrete work. 

Mr. Frederick Hlogetoa (M. Quantilv Surveyors* Assn.) : There are one or two more points 
to be mentioned with regard to the taking out of quantities for reinforced concrete work. 
First, with regard to the concrete work itself, the speaker said Jie did not agree that small 
rods should be taken, unless they are very numerous. 

As regards the centering, this should be given at per foot run, giving the sizes of the 
beams where jiossible. Of course, where the sizes differ' very considerably they might be 
averaged. Shuttering should include the triangular fillets and any labours upon them. As 
regards the larger steel work, the labours on them should be taken and the whole of the steel 
work should be kept separated under its different sizes. 

There was one other point not mentioned by the lecturer, and that was the finishing of the 
concrete. He assumed the lecturer would take that separately and treat it very much as the 
quantity surveyors do— ^namely, the plaster or similar finishing on the inside and ^whatever 
facing is on the outside. 

Mr. a. C, Workmen, M.S.B. (Member of Council, ( oncrete Inst.), speaking fro.m the ixiint 
of view of an engineering designer working iin^^r a patented system, ventured to make the 


following remarks : 

First of all, he was very pleased to see that Mr. Theobald states quite clearly that he is 
making no reflection upon the quantities supplied by the engineers under the present system, 
and that his criticism is solely directed against the actual method of dealing with reinforced 
concrete work, and not against its exponents. As a matter of fact, the reinforced concrete 
engineers are directed by circumstances over whicJi they have very little control, and they 
would in many cases welcome the help of a quantity surveyor, lie personally had endeavoured 
for many years to bring about a collalwration between the reinforced concrete specialist, the 
architect and the surveyor. Unfortunately, the engineering designers are depending uj)on the 
requirements of their clients, and competition prevents each individual firm of engineers from 
attempting to dictate the proper course which the client ought to follow for the miitiinl benefit 
of all concerned. 

Regarding the lecturer’s remarks as to the correctness of the quantities not being guaran- 
teed, the speaker stated that most of the firms of engineering designers working on similar 
lines to his — the Coignet system — must guarantee the accuracy of the quantities, or at least of 
the unit quantities of concrete, steel and centering for each element of the construction. It is 
evident that, under these circumstances, taking into account the fact that the work must be done 
in many cases with extraordinary rapidity, there is a. considerable amount of risk. The point 
is, assuming that surveyors would be willing to take out the quantities very rapidly of a 
lar^e number of competitive schemes throughout the year, would they be prepared to take the 
financial responsibility for the accuracy of their quantities, and also to do this on the under- 
standing that they would not receive any remuneration whatever for all those schemes which 
the firm of engineers in collaboration with whom they were working were not successful in 
securing? 

Before anything practical can be done in the direction suggested by Mr. Theobald, it will 
first be necessary that quantity surveyors should make an exhaustive study of the various 
systems which are at present continually in competition for works in reinforced conttrete, and 
also that they should solve the question as to whether or not they arc prepared to work in 
collaboration with the designers, on the same speculative terms as the latter are comi>elled 
to adopt on account of the fact that they see n<^otheT alternative. 

Mr. Theol^ld states that the methods of the modern quantity surveyors are the outcome of 
the knowledge of three or fwr generations who have had constant practice in this profession. 
Unfortunately, the quantities for reinforced concrete are quite different from anything 
to whieh aurv^or^ are aoijustoaied, so that the experience of all their ancestors will be of , 
very little avail to them. Ip fact, unless a quantity surveyor has a perfect knowledge of ^he * 
particular system of reinforced concrete for which he has time to take out quantities, he is 
far ^Jtees/cppahle of. doing this work properly and rapidly than the specialist engineer. 

Xn ConciUsipn, ■ the entire question concerning the employment of quantity surveyors in 
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conjunction with reinforced concrete chiefly depends on whether or not the quantity surveyors 
■are willing to take the same responsibilities and run the same risks as the specialist engineer. 

Mr, Moriix Kmhn, M.Ci., thought Mr. Theobald has the honour of having presented one 
of the most interesting papers that has bee«i read before the Institute. 

He, too, hoped that sooner or later the quantity surveyor will take an active part in the 
measurements ol reinforced concrete work. 

The preparation of quantities for •rein forced concrete work is probably more intricate than 
the preparation of other quantities. Each designer has his own method of detailing the work. 
These methods differ to a considerable extent, and standards which might l>e drawn up for one 
designer will not apply to the other. The measuring o^ the concrete and steel in the respective 
items is a simple matter, and under ordinary ( ircumstances the measuring of centering is a 
sinifile matter ; but the ordinary circumstance is not the rule, with the result that, speaking 
offhandedly, it is a difficult matter to generalise a melho^l of measuring quantities of centering. 
It seems that satisfactory results can be obtained by giving the contractor general measurements 
of the centering and submitting with the measurements such drawings as will enable him to 
understand the nature of the work he will be called upon to perfoT«i. After carefully studying 
such drawings, his experience ought to teach him how to price the centering. 

The present method adopted by the specialist is oiie which has been forced uiwn him by 
circumstances over which he has no control. 

Mr. Percival M. Fra*er: As a nuantit\ survexor he tcok cxcejjtion to a few remarks that 
Mr. Theobald had made. He did not think there is one client in a thousand who ever sees 
the bills^of quantities, and a client would not pursue them with any great gratiffcation. 

Regarding the lecturer’s remarks ?is to the procedure adopted by the architect deciding 
to construct a reinforced concrete building, he thought this was (piite wrong. He saddles an 
architect with this somewhat undesirable method of carrying out a concrete building. He 
might have included engineers. Architects clo not adopt this method. The concrete specialist.s 
themselves are beginning to freely state that they think the spirit of competition is very 
iniquitous. Every day seems to show a falling off in the desire of architects to have their 
concrete schemes prepared in a spirit of vulgar and elbowing competition. In regiud to the 
.si)ecialist*s approximate estimate, it can be done bv special request; but surely it is not the 
common practice that Mr. Theobald states it is. With regard to the quantities supplied by 
specialists, this is absolutely universal. The specialist should, however, absolutely refrain 
from giving quantities unless he is prepared to give them by employing quantity surveyors 
trained up in the office. 

Mr. Theobald, in quoting the forms of contract, might also have included the R.kll.A. 
form, which is admitted by lawyers to be one of the finest forms of contract extant, applying 
to any business or trade ; and he might have staled — which is of vital interest — that this 
R.I.Jl.A. form is issued under two headings, one where quantities form part of the contract 
and one where they do not form part of the contract. 

There is also another form of contract which has been omitted — a very imiiortnnt 
one largely used for alterations — ^prime cost plus profit. It is a highly complicated form, but 
in many cases it is exceedingly valuable, and it should have been mentioned in an authoritative 
paper of this sort. 

The whole trend of this paper is, and quite rightly, a plea for ilie employment of quantity 
surveyors. 

MR. THEOBALD'S REPLY. 

Mr. John M. Tbaobnid, P.S.I,, M.C.i , said his paper had been rather under a mis- 
apprehension. He certainly meant it as a justification for the employment of the quantity 
surveyor and only very little of it was on the methods of measurement. Most of the speakers 
have dealt at length with the methods of measurement, and consequently the greater part of the 
paper, e||cept by one or two speakers, has not been touched iijHin. 

The general consensus of opinion seemed to be that \o. 4 form of contract was the most 
practical outcome of the methods of measuring reinforced concrete work. That is the ancient 
schedule of subsequent measurement. 

Then, dealing with Mr. Rare’s criticism im regard to the question of steel work, of course, 
in initial quantities, he admitted it was necessary to ask the weight per^foot from the 
specialist. If the contracts are not prepared they cannot be put in by any other method. 

With regard to Mr. Kearns’ criticism and his suggestion of measuring beams per foot 
round, he could not^uite agree. He thought Mr. Kearns a little inconsistent because he pleads 
fpr a shorter bill of quantities, and then running all the beams in various sections. That 
would make a very long bill. He did not think it mattered very much if the depths^crc the 
same and only the widths are averaged, but he did think the superficial method was the better 
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way of dealing with it. In regard to Mr. Kearns* suggestion that all the ^oncre'e walls and 
floors should be included in the superficial, he did not see that it could be done. 

Mr. Davis’s ipoint as to the rules of centering for concrete is one which he was afraid 
quantity surveyors could not deal with. They must measure the entire amount of centering 
and leave it to the contractor to make such reduction in the price he thinks necessary. 

Mr. Workman wanted to know whether quantity surveyors would be prepared to deal 
with quantities under the circumstances that he mentioned. The answer is in the negative. 

In regard to Mr. Fraser’s remarks about the question of clients seeing bills of quantities, 
it was the variation account he (the lecturer) referred to. 

Regarding the two forms of contract omitted, they should, of course, have been 
mentioned. 

Then, as to the question of net measurement, that is a direct contractor’s question. It is 
the very last item ; but what is intended by net measurement is ijiis : in the rough and ready, 
quantities have to be prepared in a rush at the present day by rompetitio«n. For instance, 
the stanchions would go right through the floor, and then the floor would not be deducted 
for the passing of the staachions. Th it is the «ort of thing meant by net measurement, and 
it is understood by contractors. 
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NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heading reliable iff formation toill be presented of new works in coarse or 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their ortmar}! features, at the most explaining the idea which ser^ted as a basis 
for the design,^ED, 


A REINFORCED CONCRETE RISING MAIN. 

Ihe accompanying illustfations show* a rising main in reinforced concrete at Luton, 
Hedfordshire. This main is about one mile long, and has an internal diameter of 
about 27 in. Thi* skin thickness of the concrete is 3 in., and, the steel reinfi>reement is 
2J per cent, of the volume of concrete. The pii)e has no lining of any kind, and 

according to a test made by 
the borough engineer of 
Luton, the pijK* after having 
stood full for J2 hours lost 



such a small quantity of 
water that he considired the 
same to be f)erfectly water- 
tight, especially bearing in 
mind that the valve which 
closed the bottom end of the 
mfiin could not be seen and 
might not have been abso- 
lutely watertight. The pipe 
also undcn-w’dit a test of 60 lbs. 
pressure |>er sq. in. continu- 
ously for six months on the 
contractors’ premises b^'fore 
delivery. I'he work w-as 
carried out und^r the super- 
vision of the borough engi- 
neer, Mr. J. W. Tomlinson, 
M.lnst.C.E. ; and the con- 
tractors W(Te the British Im- 
proved Construction Cu.^ Ltd. 

A REINFORCED CONCRETE 
INCINERATOR. 

The Incinerator measun s 
2 ft. i) in. by 2 ft. 9 in. inside, 
and the height from the fire- 
bars to the bottom of the fet'd 
door is 2 ft. 

The w’hole, with the ex- 
ception of the doors, firebars, 
and top of flue, is made of 
reinforced concrete. The 
walls are 4 in. thick, and the 
flue and arch arc 3 in. thick. 

The concrAe is i Port- 
land cement, 2 sand graded, 
4 stone ballast up to 4 in. 
Each side is moulded sepa- 
rately, the back, side, and 
bottom of flue being moulded 
in one. THie reinforcement 
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consists of two layers of i in. wire netting, in. from the face inside and J in. from 
the face outside. For the reinforcements across opening J in. round bars arc used. 
In the back pieQe i in. round bars are run up into thfe front of the flue, the sides of 



Showing: Main under Test. 

A Reinforced Concrete Ri'sing Mmn at Luton. 


ihe flue having diagonal \ in. round bars securely fastened to the bars in the back 
piece of the chamber and to other bars in the back side of the flue. 

In the arch, which is moulded on the centering, wires are run across along the 
course of the arch from the 


rods left projecting in the side 
pieces, and i in. rods from 
the front to the back pieces. 

'The various sides arc 
moulded at site, with steel 
feet, which are embedded in 
lime concrete. When the 
sides are in position the pro- 
jecting portions of the wire 
netting are tightly interlaced 
and the corners filled in with 
concrete. 

The arch is then moulded 
on centering. The firebars 
are made up in three sections, 
which are removable for re- 
pairs, and which rest on steel 
lugs moulded into the sides. 
The upper of the two doors 
shown in the flue is for a 
grass filter for the smoke. 
Dry grass is put on wire 
netting which extends across 
the flue, and this catches most 
of the oily ^stance in the 
smoke which gives it its un- 
pleasant smell* These particu- 
lars and illustrations were 
plat^ at our disposal by a 
#|respoi|dent in India, Cap- 
tain P* n. Kealy, R.E. 
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A Rbinforcsd ConcrBtb Incimbrator in India in Course of 
Construction. 



REINFORCED CONCRETE RETAINING WALL. 

A REINFORCED CONCRETE RETAINING WALL. 

Our illii-itralion shows a new reinforced concrete retaining wall recently erected 
at Basford, in Staffordshire, in place of an existing one which haa* shown signs of 

failure in different places. 

As considerable improve- 
ments are to be effected in this 
locality in the future, the new 
reinforced concrete wall was 
designed to carry all the 
pressure that was ever likely 
to come upon it, and that part 
of the wall shown under con- 
struction in the illustration 
attains a maximunt height of 
20 ft. above future ground 
level. 

It was essential that the 
high-level road should be 
interfered with as little as 
possible. Buttresses were, 
therefore, out of the question, 
and a cantilever wall was 
adoptixl with a biise i)roj(*it- 
ing under the low-level road, 
about 2 ft. beneath fiitur** 
road level. 

The work was carried 
out under the instructions and 
superintendence of t h e 
borough engineer of Stokc'- 
on- front, Mr. .\. Burton, 
Assoc. M.lnst.C'.E., to the 
designs of th^‘ Indented »Bar 
and Concrete Engineering 
(y(>.. Ltd. The contractors were Messrs. F. Barke & Son, of Stoke-on-Trent. 

A REINFORCED CONCRETE TANK AT A CURRENT METER RATING 
STATION AT CALGARY. ALBERTA, CANADA. 

Wc present herewith some particulars of a reinforced concrete tank, forming part of 
a current meter rating station at Calgary, Alberta. 

In designing the work for this statiort the aim was to gain the most jxTfect apparatus 
possible for rating the current meters and to create a p(*rmanent structure, so that it 
was early decided to use concrete in the construction of ihi: necessary tank. 

As no stretch of still water having a suitable length and depth was available, it 
was necessary to create a tank, and in studying its design two fx>ints had to 1 k^ 
principally considered. First, as the water supply had to be taken from the city mains, 
the tank bad to be made j>roof against any leakage. Secondly, the cross-sectional 
water area was required as small as possible and yet of sufficient dimensions to guard 
against ^ny following on movement of the w'ater, in running the meters through the 
tank. To overcome the fiijpt difficulty a heavily reinforced structure was designed, 
such that being emptied and exposed to the weather in winter no temperature cracks 
could develop, and the inside faces of l^nk were water-proofed by Sylvester’s 
process. In deciding on the proper cross-section of the tank to overcome the second 
difficulty no data were obtainable, but with the tank as constructed no following on 
movement or undue disturbance of the water has been observed even with the largest 
meters tested at velocities as high as lo ft. per second. The length of the tank 
(250 h.) was adopted in order to bring the cost of the structure within the limits of the 
amount of money available, but provision has been made in locating the tank for its 
future extension to a length of 500 ft , which is desirable in order to attain the highest 
degree of accuracy- 
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The concrete tank is 250 ft. long with an inside width and depth of 6 ft. by 
5 ft. 6 in., and the depth of water to be maintained is 5 ft. The floor and walls are 
8 in. thick and fire reinforced heavily, longitudinally and'transversely, with i-in. round 
mild steel rods, in order to absolutely preclude any temperature cracks in the concrete. 



The concrete was specified a mixture of one part Portland cement to seven parts clean 
river gravel, to have at least fifteen turns in a good machine, and to be placed wet and 
tliorougHI^ tamp^. All the interior faces were thoroughly spaded in order to create 
a ^smooth elose-graified surfacst to which to apply the Sylvester’s wash. All steel rods 
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8-in, foundation of large stones overlaid with smaller stones and gravel, in order to 
provide thorough drainage for any water which might leak through the tank, so that 
yx hen the tank js emptied in winter and exposed to the weather no heaving might 
result from any water being lodged under the tank bottom. The soil beneath is of 
sandy character, which is tameable to water. The water supply is from a a-in. iron 
pipe laid from the city mains, and a 6-in. tile drain 224 ft. long, fitted with an iron 
gate valve at the tank, allows the tank to be emptied at any time into the river. After 




S4e-i’t9MC-a, 

Reinforced Concrete Tank for Ci rrent Metfr Ratino Station. 


the tank was completed all the inside faces were treated with two coats of Sylvester’s 
wash. Up to the present the tank has been twioe exposed empty to severe told with 
the thermometer at — 30®, and no cracking of the concrete whatsoever has resulted, 
except a few hair-line cracks near the top of the walls. As regards the water-proofing, 
two observation shafts were left along the tank sides running down to the founckition, 
and no leakage whatever was observed during the summer when the tank was full, 
except a slight dampness at the bottom of the s-ide walls. It should be noted that 



* General View. 

Reinforced •Concrete Tank for Current Meier Ra^jro' Station. t 

another Teascm why it was desired to make the tank leak-^oof is that it is intended to 
obtain ^aporation r^ords at the tank in futur;p^ seasons; 

; was Cj^rried out, for the- lH^^tion Office, Department of Interior, 

the sufwisiem of |Sb Chief Engineer, Mr, F, H. Peters, 
to '^hbm w^ are indl-ebted for our illustrations and particulars. 

, ‘ or COMKETI^ MICKS. 

HltiS^tibns -show the back and fje^t view of a house ereolbeS' in Hove, near 
IbrkkS. Red concrete lacing bri^cks have iksed up to the 
The proportion of mixture was seven parts sea sand 
b) ojfie Natural concrete bricks were tised for the rough cast part. 
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'i'hese bricks consisted of four parts sea sand, four parts coke breeze, and one part 
cement. The bricks used were those made on the machines of Messrs. R. H. 
Baunif^arten, of Lewisham, S.E. 



From 'VleifT* 

CostcRBTB BmcB House, Hove, ebae 
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CORRESPONDENCE. 

t 

Under this heading tue in*uUe correspondence. 

Below we print s letter reUting to the London County Counctrs administration of the 
London Building Amendment AcU 1905. We, like several other technical foumals, have 
received this communication, which sets out the approAmate number of existing buildings 
requiring attention, the causes to which the present state of affairs may be attributed, and 
some suggestions as to how the existing dangers may be remedied* 

We referred to the s ibfect editorially in our previous issue, and in the current number 
we have also accorded an editorial t^tice io this matter. 

Our columns are open to those who desire to criticise figures given, io those who wish 
io reply to the indictment, or desire io comment upon the suggestions made* — ED, 


FIRE PROTECTION AND THE LONDON COUNTY COUNCIL. 


How the Council's Existing Powers could be enforced without undue expense or delay. 

Sir,--A full month fias elapsed sinre the faUil K<*nsin^ton fire. 

One would have thoufjht the I^>ndon County C'ouncil would have betm must 
anxious to prevent the repetition of such loss of life occurrinj^ af^ain in the many 
existin}4 buildings of a similar character. 

But both in the Council Chamber and in the Pres.s the Chairman of the Building 
Act CommittCMi of the Council apfH*ars only to be anxious to find excuses for^its lack 
of activity in administering the Building Acts (.Tmendment) Act of 1905, by giving 
entirely non-relevanl information as to the supmdsion o<f buildings about to be erected 
— as distinct from existing buildings — the rjumbc*r of inspections made under the 
Factory Acts, etc., i.e,, useful, but entirely extraneous activities of his Dejjartment. 
His aim also seems to be to belittle the number of existing buildings requiring the 
attention of the (Council, while on the other hand, exaggerating the difficulty of the 
character of the w<vrk that has to be done. 

Regarding the figures that 1 have put forward from time to time in the Press and 
elsewhere, as to th(' number of existing buildings requiring attention and the very 
small proportion of these buildings that have be<m put in order during the past seven 
years, the I^ndon County ('ouncil has not b(»en able to contradict those figures, or put 
up any other pertinent ones in their place, and 1 would thus now summarise my data 
once*more as indicating the Councirs extraordinary lack of energy in providing for 
the srfifety of the public. 

My figures, to s.urnmarise, are as follows 

(i) There have been 48,566 cas<*s notified by the District Surveyors to the Council 
under Sections to to 12 of the 1905 enactment as requiring the Council’s 
attention. Of these only 351 cases have been put in order so as to comply with 
Section ii, and only 4,430 cases have either been exempted, or ordered to be 
improved under Sections 10 and 12 of the Act. The balance that remains and 
awaits a'ttention is thus close on 44,000 cases. 

(ii) There are further well over 50,000 buildings awaiting attention under Section 
9 of the Act, and of thest* only 527 have beeu j)ut in order in the jiast seven 
years {i.e,, up to June 12th last), togother with, say, an additional 100 up to 
date. In other words, over 49,000 buildings are still awaiting attention under 
this Clause. 

Bluntly, this means that there are to-day between 93,000- and 94,000 existing 
buildings which have been awaiting for seven years the Council’s pleasure, and 
the majority of these buildings might have been put in order by this lime 
without any very great effort on the lx)ndon Coumt^ Council’s part. 


, Now without touching on questions of^Jiidden policy or municipal politics, the 
known causes for this state of affairs comprise the following : — 

(1) A lack of co-operation and mutual confidence between the Council and the 
building owners. 

(2) A lai^k tit co*operatiop between the Council and the 50 statutory District 
,, Surveyors— who are '1101 actually their employees — and a certain amount of 

j on the part of the Council in the District Surveyor’s work. 

Ipce W all energy or earnest in the matter on the part of the Council 
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per se as distinct from their technical officers — i.e,, their Superintending 
Architect, Assistant Architect, and Committee Clerk, all men of exceptional 
ability and high purpose. • 

(4) A lack of industry and savoir faire on the one htind, and much “ wtxxienness ’ 
on the other, in the Council’s Building Act Committee. 

(5) extraordinary undermanning of the Building Act Department, having 
regard to the work that it Should attend to, and particularly an insufficient 
number o-f suitably paid managing assistants — t.c.. Deputy Assistant Architects. 

(6) A general public impression — fostered cither purpo-sely or unwittingly by the 
Council — that the Act is a “ dead letter.” • 

It is, however, no use complaining of the County Council’s failings without indicat- 
ing some practical and economic remedy useful' alike to building owner and public 
authority. This remedy, to my mind, is a vctv sim|)l(‘ one, and comprises the 
, following : — 

(a) A public announcement in the Press (to bo repeated flionthly) that it intends 
to have the whole of the work under the Building Acts (Amendment) Act of 
1905 remedi(‘d by January ist, 191S, the ‘public announceniimt to be followed 
by two circular notices in the 44 ,o(K) notified cases under S<’ctions 10 to 12. 

(h) An immediate instruction to the District Surveyors to notify to the Council, 
sav within six months (as set out in S(*ction 17) iill cases they consider to come 
uTider Section 9 — a matter thtit h.as been practically neglected during the pjlst 
sev<'n years — and immtxliately ui)on recei|)t of lh(*s(‘ notifications an issue of 
two circular notices to owners concerned that the C'ouncil arc* prepared to 
receive* suggestions accom|ninied* by plans with proposals as to convenM*nt 
dat(*s for carrying out the necessary structural im])rovem<*nts, and are prej)a'red 
to assist in every possible way apjjlicants who volunteer plans and offcT practical 
remedies. Th(* circ'ular notices s-hould indicate c<*rtain ])rimary princi]fies 
desir(‘d by the ('oiincil, such as alternative rcjiites of exit from workshops and 
dormit(jri'CS. 

(c) A cancellation of the existing embargo that the fifty District Surveyors are not 
to press the execulion of work under Sections 10 to 12 in their resfXH'tivo 
districts, and in place of that embiirgo an instruction that they shall see that 
the whole of this work is carried out by 1918 or earlier, the instruction tnts<*t 
out certain guiding principles as to remedies and also grounds for exemption. 
As to exemptions, any r<*commendation for ex<*mption signed by the local 
District Sur\^eyor and two adjoining District Surveyors should be accepted 
ipso facto by the Building Act Committee as *'i prima facie case for exemption 
without further investigation or expense. 

(d) The energetic enforcement in 1913 by legal proceedings of at least one 
notoriously bad case under Section 9 and one under Section 10 in each district 
as an earnest of the Council’s intentions. 

(c) The formation of sev(‘ral Sub-Committee'! of three in the Building Act Com- 
mittee to sit we<*kly to accxderate the decisions requiring the Committee’s 
attention under the 1905 Act, with the necessary strengthening of the Superin- 
tending Architect’s personal staff and the staff of the Committee Clerk. 

(/) 1 'he immediate strengthening of the ” Escape ” branch in the Building Act 
Department by five managing assistants, twenty senior assistants, twenty 
Junior assistants, and twenty clerks, etc., all on the temporary establishment, 
the staff to work by areas, and each senior assistant to follow his own case from 
beginning to end, al^modern mechanical equipment and facilities to be used to 
accelerate the work, including photography and mechanical copying instead of 
tracing. • 

(g) The publication quarterly of a list of building owners who have complied with 
the Building Acts (Amendment) Act of 1905 and the addresses o^the buildings 
that have been put in order. 

‘ If the remedy organised somewhat on these lines the Council will, in the first 
place, find that much of the necessary work will be done by owners voluntarily within 
the given time-limit at their own dates and in a manner convenient to theipselves — 
f.c., when doing their usual decorative and structural repairs. They will find a vast 
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number of the owners will submit their own plans and suggestions. The Council will 
be rid of much o^f the work under sects. lo to 12, which the district surveyors are quite 
capable of handling, and they will find their intentions to carry through this somewhat 
unpleasant duty of enforcing the Act of 1905 in an equitable and businesslike way will 
be appreciated and met in a proper spirit by the majority of building owners and their 
professional advisers. As to Ihe cost that falls upon the building owners, they have 
already had seven years* time to accumulate the Tiecessary funds. 

Given a procedure on these lines, the necessary alterations to existing buildings 
can be readily completed in five years, and the structural work will not be found to 
inconvenience the metropolis, as •it is mainly internal and less in quantity than what 
has been done in London in several active building ptTiods of lesser duration. 

There is, I feel sure, little that is unreasonable in my proposals as to the remedy 
ot the present grave scandal of unnecessary danger from* fire, and I thus trust that 
what I suggest, or something equivalent, will be promptly carried into effect in the 
interests of the commqpity. • 

I am, dear Sir, 

Yours very truly, 

Edwin O. .Sachs 

Offices of the 

BRITISH FIRE PREVENTION COMMITTEE. 

8, Waterloo Placet London, 5 . W'.. 

December iith, igii. • * 
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NEW BOOKS 

AT HOME AND ABROAD. 


A short sommaiy of some of the leading books which have appeared during the last few months* 


** Artistic Bridge Desigtt.*' By H. G. Tgrell. 

Chicago: The Myron C. Clark Publishing Co‘. Price 

g3 net. 

A handbook consisting mainly of small 
illustrations and comments. There are 
242 figures and plates in the 287 images. 

Mr. Thomas Hastings, tke well-known 
architect of New York, contributes an in- 
• troductory chapter on the general problem 
of the architectural character of bridge 
design, w'ilh some special refenmees to 
the design prepared by his firm for the 
new Manhattan Bridge. The author’s 
chapter headings deal with the Importance 
of Bridges, Reasons for Art in Bridges, 
Standards®of Art in Bridges, Causes ofor 
Lack of Art and Si>ccial Features of 
Bridges before Principles of Design are 
discussed, and the Consideration of Steel ‘ 
Structures, Cantilevers, Metal Arches, 
Susfyension and Masonry Bridges follows 
and complete the index. 

We venture to think that this order 
suggests that the relation between cause 
and effect — that is, between constructional 
cause and artistic effect — has not been suf- 
ficiently appreciated, and that the large 
and miscellaneous collection of small 
photographs and thumb-nail sketch eleva- 
tions n(*ed fuller analysis and some elimi- 
nation before the real “ Causes for Lack 
of Art ” in Bridge Design are laid bare. 
Mr. Tyrell, however, interestingly states 
his conclusions as follows : — 

“ The reasons for lack of beauty in 
American bridges are as follows : 

1. Indifference of engineers and their 
lack of artistic training. 

2. Competition and commercialism, 
resulting in use of contractors’ plans. 

3. Lack of co-operation from archi- 
tects. 

4. Abyjence of art standards for metal 
bridges.. 

5. Haste in construction.# 

6. Railroad bridges u.'.ed as proto- 
types for O'thers. 

7. Legal and financial hindrances. 

8. Inadequate material. 

9. Unsuitable and unsymmetrical 

location. ? 


10. Absence of State or Municipal 
supervision, 

“ The Standards of Art in Bridges ” 
proposed by the author are generally free 
and sound, but, we fear, insufficient to 
guide the student, while No. 4 begs the 
whole question. They are : 

1. Conformity with environment. 

2. Economic use of material. 

3. Exhibition *of purpose and con- 
struction. 

4. * Pleasing outline and proportions. 

5. Appropriate but limited use of 
ornament. 

It is to be regretted that opinion in the 
universe has become so mixed on the 
simplest problems of design, through the 
» multiplication of facilities for the eco- 
nomical reproduction of photographs and 
sketches, and that the expensive careful- 
ness with which such an important subject 
should be treated has to be deemed 
luxurious ; students therefore have, in 
.many subjects similar to that treated in 
this book, as best they can, to digest a 
crowd of imperfectly illustrated examples 
on quite insufficient information ^nd 
wrestle doubtfully with insecure con- 
clusions. 

This handbook wdll not advance the 
serious study needed, and for the English 
student will not replace the pamphlet con- 
taining Mr. Husband’s paper on the 
“ i^isthetic Treatment of Bridge Struc- 
tures ” read before the Institution of Civil 
Engineers in iqoi with the report of the 
important discussion in which some lead- 
ing architects took part which ensued 
during two meetings. The aesthetically- 
minded engineer would, we fear, be too 
simple to withstand his clients’ thirst for 
sensations, while the practically-inclined 
artistic critic would scarcely carry con- 
viction of his sincerity to his audience. 
Bridge architecture remains still a test of 
natural characteristics; what we shall do 
• next, who knows? Why not a simple 
concrete beam across the 7^^'es? at 
once embodying all the primitive virtues 
of constructional efficiency and avoiding 
the pitfalls of art criticism. 
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Ihese pages have been reserved for the presenisHon of articles and notes on proprietary 
materials or systems of construction put forward by firms interested in their application. With 
the advent of methods of construction requiring considerable skill in design and supervision, 
many firms nowadays command the services of spe^alisis whose views merit most careful 
attention. In ihese columns such views will often le presented in favour of different 
specialities. They must be read as ex parte statements— with which this journal is in no way 
associated, either for or against— tut we would commend them io our readers as arguments by 
parties who are as a rule thoroughly conversant with the particular industry with which they 
are associated,— ED, 


TRIANGLE MESH CONCRETE REINFORCEMENT. 

A FORM of reinforcement uf AintTican desif^n ha.s been broui^ht to our notice by a 
recent report of the iJritish Fire Prevention Committee, which report we reviewed in 
our last is.sue. It is a trian^^ular wire mesh, and, thoufjh comparatively new to this 
country, is extensively used in America and other foreign countries. It is particularly 
appliaible to slabs and partitions, but is also commonly employed for columns and 
piix?s of larj^e diameter. 

It is made of hard drawn cold sttn?! wire with a tensile strength of 3S tons to the 
square inch and an elastic limit of 22 tons per square inch. There are no welds in any 



'RostNftOM & MuN0y% Building, Rangoon, Burma, 


part of the fabric, ahd the process of drawing eliminates the possibility of flaws. It is 
of a truss form of construction, which provides an excellent mechanical and adhesive 
bond in the concrete, and reinforces in every direction. The cross-wires assist the 
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longitudinal members in resisting the tensional stresses, thereby increasing the 
effective sectional area and enabling the engineer to use a lighter material for carrying 
a given load. 13 eing of the hinged-joint construction, the fabric is flexibie, and mav be 
folded on any longitudinal member without bending the cross-wires; consequently it 
can be m.'ide to assume various conformations without producing any initial stresses. 

The difficulty of 
maintaining equal 
s|).'icing of bars i.s 
entirely avoided, and 
the material can lx‘ 
laid by unskilled 
labour. It is supplied 
in continuous rolls u]) 
to 300 ft. long, so that 
no material is vvastid 
by longitudinal laps; 
architects and (‘iigi- 
neers t\'in thf*rcfore 
readilv ensure lhat 
the amount of rein- 
forcement the y 
specify is actually 
installed. 

As stated above, 
the mat<'rial was sub- 
miited to the British 
Hongkong Hotel, Hongkong, China. Fire Prevention ('om- 

mittcc on July 24ith, 

iqi2, and successfully passed their s<‘verest test, the calculat d factor of safety being 
3I-. The follov. ing is an extract from their report: — 

Omjkct of Test. 

To record the (‘ffect 
of i\ fire of three 
hours’ duration, the 
temperature's tt) reach 
1,800° Fahr., but not 
t o exceed 2,000° 

Fahr., followed by 
the application of 
water for five 
minutes, with a view 
to classification under 
“ Full Protection ” 

(Class B). 

Note . — The area 
of the floor under 
investigation was 
to be« at least 
200 ft. super. The 
floor was to be 
loaded with 280 lb. per square foot distributed. 

The area of the floor in this casewas 334 ft. super., divided into three equal 
reinforced concrete bays, supported by four rolled steel beams; therms had a 
span of 15 ft., and the bays measured 15 ft. by 7 ft. 5 in. centre to centre; l,he 
floor was 5 in. thick, and the depth of the beams below the underside of the 
floor was 14 hi. 

The load was 280 lb. per square foot. The water was applied for five minutes 
from tw'o branches. 

Note,— The time allowed for drying was thirty-four days (summer). The 
centering was struck after twenty days. 
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At the expiration of ten minutes the floor began to deflect^ and continued to do 
so until the ^d of the test, when a maximum deflection of 4i in. was registered. 

On the application of water the concrete to the soffit of the beams, where 
struck by the jet, was knocked off, exposing the reinforcement, or wirework, under 
the beams. • 

The sofiit of the floor was also eroded where struck by the jet, exposing the 
reinforcement. 

On the load being remcA^ed the upper surface of the floor showed various 
cracks. 

The permanent set of the floor over the beams was about J in., and the 
permanent set of the bays between the beams was about 2^ in. 

Neither fire, smoke, nor water passed through the floor. 

Classification “ Full Protection ** (Class B) was obtained. 

As an auxiliary test the floor was allowed to cool and the load reinoxed. It was 
then relojided, on the centre bay only, with a load of 5 cwt. per squar(* foot, this bay 


being strutted. 

The deflections recorded were 

as follows : — 

Beam. Centre of Slab. 

Beam. 

Permanent 

set, July 31st, no load ... 

0*6 

2-4 

0-4 

Ijoad of 5 

cwt. per sq. ft., August 15th 

...# 1*9 

4-1 

17 

Deflection 

due to additional load ... 

T *3 

17 

I ‘3 


The above readings were takem by a dun^py level. It will Ihenffore be seen that the 
deflections of the slab itself, carrying a load of 5 cwl. r>er square foot, and aftiT being 
subjected to the previous severe fire and load test, was only 1*7 minus 1*3 =0*4 inches. 
This test, which we believe to be unique in this country, should prove interesting to 
those who are concerned with the safety of reinforced concrete buildings after having 
been subjected to a severe fire. 

Similar tet-»ts to the above have also been made undcT the supervision of the ofili'ials 
of the Bureau of Buildings of New York City. In this case the ends of the beams were 
framed as they would actually be in a building of American design. The result of these 
tes[s showed less deflec:tion than those recorded above. The makers strongly recom- 
mend, and apparently with some justification, the stiffening of the ends of all beams, 
and it would appear that English architects might follow out this practice to advantagt*. 

The accompanying illustrations show this mesh as it was actually installed in a 
building in Rangoon, Hurmah, and in the Hongkong Hotel, China. The latter shows 
the work being performed by coolie labour. 


EDITORIAL MEMOS. 

CONTRlBUTIONS.->Origiiial eontribations and 
Uluatfationa are apeoially invited from engineers, 
arebhaota, tnrveyors, ehemists, and others engaged 
in praetioal or research work. MSS. should be written 
on one side cd the paper only, giving full name and 
addreas of the author. 

The copyright of any matter accepted for pub- 
liedtion is vested solely in the proprietors of the 
fonsnal 10 be used in any form they think fit, unless 
thecf be a spedal arsnniamant. 

MSS.and^t»tnils cepfaetogfiphsaresentin at 
^ MbeCs^k- Bvwry effort wUl, however, be 
igadb ib nstumniiieibibk oommpnleations. 


PUBUSHER’S NOTICES. 

DATES OF ISSUE.— This Journal is issued 
Monthly. For Advertisement Rates apply to Fub- 
tisber. Matter for displayed advertisements required 
by 12th of month prior to subsequent iiBue, for 
Wants column by 18th. 


SUBSCRIPTION RATES (Prepaid.-Post free). 
Great Britain, the Coloniea, and all Foreign 
oouptriea. 12/6 per aaniuB. 

The Triennial Subscription is 35/- (three years). 
Address remittances to Concrete Publications, Ltd. 








A MODEL FARMSTEAD, 


POPULAR USES. 

Under this heading it is proposed from time to time to present partica^ers of the more 
popular uses to which concrete and reij^forced concrete can be put, as, for instance, in the 
construction of houses, cottages and farm buildings*— ED, 


A MODEL FARMSTEAD AT BONSAUVEUR CONVENT. DUNGARVAN. 

* IRELAND. 

• In the present article we present some interesting^ particulars and illustrations of some 
new farm buildings of Winget Concrete blocks erected for the fionsauveur Convent at 
Carriglea, Dungarvan, Ireland. 

Some of the buildings shown here are of one stc^rcy and are built with 9-in. hollow 
ccncrete blocks, whereas the two-slorey buildings, comprising stables, coach-house, 
laundry and steward’s house, have the walls of the ground floor storey built on the 
cavity system with a ^J-in. outer leaf and 9-in. solid inner leaf, bonded together with 



Fig. 1. Front Elevation, Main Building. 

Moufx Fakmstkad. B0N.SAUVEUR Convent. Dungarvan, Ireland. 


galvanized wall ties, the uppfr storey being built with 9-in. hollow concrete blocks. 
Breeze concrete slabs 2 in. thick form the internal partition walls and prove very 
effective, being light yet solid and occupy v^y little space. The aggregate for blocks 
was pit gravel passed through a |-in. screen, mixed in the proportion of five of gravel 
to ori^ of Portland cement. About 16,000 blocks were used in the erection of this 
model farmstead. 

Our first illustration shows the front elevation to the main byilding with the 
principal entrance under the archway. This building contains the steward’s house, 
coach-house, stables, and laundry, and measures 150 ft. by 30 ft. and a6 ft. to eaves. 

Fig, 4 gives an excellent view of the fold-yard, showing the implement sheds, coW-house, 
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Pig. 3. Intesiorof FoM'Yard. 

MoDfti Farmstead, BokraCveOr Coi«vent, Dunoarvan, Irblard. 


Fig. 4. View of Fold-Yard, showing Implement Shed. etc. 
Model Farmstead. Bonsauveur Convent, Dusgarvax, Ireland. 


A MODEL FARMSTEAD. 


piggeries, and back en- 
trance. There is also 
an infirinary for sick 
cattle, which, with the 
l>iggeries, measures 150 
ft. by 18 ft. 

Fig. 2 shows the 
back of the main 
building. 

The laundry to 
which reference has 
been made compriftes, 
in addition to the laun- 
dry j)r(>iKT, a drying 
»room, an ironing-room, 
and a mangfing-room. 

The illus-tration 
Fig. 3 shows the in- 
terior of the fold-yard, 
with the hay-sheds and 
lofts above same. 

Special attention is 
called to the fact that 
most of the external 
walls of lhes(‘ buildings 
are built on the continu- 
ous cavity system, of 
which mention has been 
made earlier hi the ar- 
ticle. This system en- 
sures a perfectly dry 
building, no m a 1 1 e r 
what atmospheric .con- 
ditions prevail, and 
furtb(T it is claimed 
that it is a most elTec- 
tiv^e insulation again s-t 
changes of temperature 
inside the building, in- 
a.smuch as it prevents 
condensation on the in- 
side of the walls and an 
increase of temperature 
in hot weather or a 
lowering of the tempera- 
ture in cold weather. 
These points may be 
considered of import- 
ance, and they apply 
equally to the cold, raw 
climates of the north 
and to the tropical 
countries. 

The •entire blocks 
and slabs were made on 
** Wing^ ’• madnr.es, 
and the contractors were 
Messrs. John Hearne 
and Son, of Waterford. 
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Memor*ntU and Nexus Items sre presented under this heading, xutth occasional editorial 
comments Authentic nexus xuill be xuelcome. — ED. 


The Society of Engineers (Incorporated).— h\. a meeting of the Society of 
Engineers (Incorporated) held on December 2 nd, Mr. Percy J. Waldram, F.S.I., 
M.C.I., read a pfiper on “ Test Deflections in Reinforced Concrete,” a subject which, 
he stated, was one requiring the closer attention of engineers before a standard of 
deflection was fixe^ by the j3roiK>sed L.C.C. regulations; a standard which jjiight or 
might not be correct or eve*n safe. * 

The stiffness of a beam was no criterion of its strength unless due regard were 
paid to the factors of depth and fibre stiffnoss.^ The small deflections of reinforced 
concrete beams were sometimes quoted as evidence of the strength of the matt^ial, but 
it was seldom noted that the deflections were small because the greatest loads placed on 
reinforced concrete were very much less than those commonly used upon wood or sUh*!. 
Reinforced concrete was a much weaker material than steel or ordinarv fir, for beams 
of equal size. 

The draft regulations for reinforced concrete, compiled and approved by the 
London County Council, were submitted to the principal architectural and engineering 
institutions for criticism, and publishi^l in the Minutes of the Council. The author had 
been consulted in a case where the parties had agret'd to work to the regulations as 
published, when the opportunitv of applying them to the problem of a somewhat 
difficult design gave disquieting results. For insUmce, the clause-s determining the 
strength of columns were quite unworkable, and those relating to deflection proved 
positively dangerous, as was shown by examples. 

A standard of deflection suggested by the author was referred to, but he pointed 
out that the effect of end fixing was not yet fully determined, and that it was impos- 
sible to legislate on an uncertain basis. The minute range of the deflections made it 
all the more necessary to use the greatest care ir\ fixing a standard. 

Reference was then made to the calculations necessary to determine the strength 
of reinforced concrete beams, and a number of formulae were given, with explanatory 
notes. The application of these to well-known tests was shown by a series of eight 
diagrams, and particular attention was directed to one in which the conditions were 
such as were generally supposed to make the calculations almost impossible, on 
account of their intricacy. The author, however, showed a method which he considered 
would very much facilitate the problem. 

Reinforced Concrete for Hypochiorite Solution Tanks,— In a recent number 
of the Concrete Age a short article has appeared by Dr. Walter M. Cross, U..S.A., on 
the above subject. An experimental installation of the l^pochlorite process for the 
approximate sterilization of the entire municipal water supply of Kansas City, Mo., 
proved so very successful in every way thJt the Fire and Water Board of Kansas 
decided to ereci a permanent building and apparatus for the purification process of the 
water supply. 

A si^paiisite building was constructed for storing, handling, and making the solution 
of bytko^lorlte ^ mining with the sedimented water. The apparatifs for the handling 
of lte hypochlorite and the supjp)orts for it are of reinforced concrete. It was found 

ho other material was so well suited for the purpose. 

The bai$emejfit of the building is used for storage, the main floor houses the dilution 
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tanks and feeding devices, while the floor above is occupied mainly by the tank for the 
hypochlorite, in which it is reduced to a paste of creamy consistency before being 
delivered to the dilution tanks below. This concrete tank is 3 ft. in diameter and 4 ft. 
high, and is provided with a strong device carrying two heavy rollers placed horizontally 
at its lower end. 

There are pipes leading from this tank to the dilution tanks below. ITiese dilution 
tanks are hexagonal in form and ai% 9 ft. in maximum diameter and 7 ft. high. The 
dilution tanks rest on supports high enough to permit of the use of a gravity feed to 
the ori^^^^ box, which is on the floor of the room housing the big tanks. The writer 
w>ncludes by saying that reinforced concrete is now Everywhere employed in the United 
Stales in the construction of all f>ermanent apparatus where hypochlorite is emploved 
for mixing with the water^to be purified. 

Concrete versus Wooden Poles . — According to the Electrical World, the Carnegie 
Steel Co. recently conducted tests on reinforced concrete poles at its South Sharon 
(Pa.) plant, for the purpose of determining the relative cost jnd strength of concrete 
as compared with wood. The poles tested were 32 ft. long, 10 in. square at the butt 
and 6 in. square at the top. The corners were bevelled and iron steps bent up f in. 
were inserted in the forms before the concrete was poured. The mixture employed 
consisted of i part of cement, 2 parts of sand passing a i-in. screen, and 4 
parts of crushed limestone p;jissing a |-in. screen but retained on a i-in. screen. 
Each pok required about a barrel of cement, i yard of sand, and J yard of stone- 
The reinforcement comprised four groups of twisted rods at the corners, placed 
not less than -J in. from the surface. Each group was made up of one J-in. rod 32 ft. 
long, two i-in. r(xls 24ft. long, and two A-in. rods 16 ft. long. The reinforcement was 
thus proportioned to the docreas-ing stress toward the top of the pole. Sheet-steel 
separators held the reinforcement in place and were cut away to avoid breaking the 
continuity of the concrete above and bedow the separator. The forms used consisted of 
an upp<‘r and a lower section held together by bolts, the lower being a single piece, 
while the upper was made up of a series of units beneath which the concrete w’as 
forced. Each pole weighed about 2,500 lb., or approximately five times as much as a 
wooden pole of the same length. 'I'he tests were conducted with two concrete poles and 
a 32 ft. chestnut pole under the same conditions. It was found that the wo^en j>ole 
showed practically the same deflection as the poles of concrete up to 2,000 lb,, the load 
toing apf)li<'d at right angles to the pole and at the lop. The deformation at 2,000 lb. 
amounted to 25 J in., this loading being far greater than could ever be experienced with 
the i>oles in actual use. For deflections of less than 15 in. the concrete pole showed no 
permanent set. A test to destruction was carried out on one of the poles, and failure 
resulted at the point where the 24 ft. reinforcement rods ended, the roncn'tc being 
crushed for about 3 ft. above and below the break. The results obtained showed that 
the cost of manufacture of such poles should be* from 30s. to £2^ as against i6s. to 

the price of a wooden pole. The cost of w'ooden poles is thus from one-half to 
two-thirds that of the concrete poles, and their life ranges from a minimum of ten 
years to a maximum of twenty years, whereas the life of a concrete pole is considered 
to be practically unlimited. Moreover, the concrete poles require no painting. 

New Stores at The Camber . — Some* new stores are to be erected for the Ports- 
mouth Camber and Docks Committee, and the buildings are to be of reinforced 
concrete. The contract for the work was put out to tender, and the tender of Messrs. 
McLaughlin Co., which was the lowest, was accepted. 

Poland Cement tor poofinjt.—X cheap and durable fire-resisting roofing is 
made in France with asbesms and Portland cement, in the proportion of one-fifth of 
asbestos fibre, one-fifth asoostos powder, and three-fifths Portland cement. The 
mortar, which must be carefully mixed, is pressed with the trowel into wooden moulds 
about 2 ft. square and onie-fifth of an inch*ihick. These slabs, when perfectly set, are 
used in the same way as slates and nailed to the woodwork of the roof.e This kind of 
roofing, which is very light and durable, is said to be very suitable for sheds and outer 
buildings. — Sanitary Record, 

Reinforced Concrete Pitlmr Boxes,’^ It is reported that the cast-iron pillar-boxes 
in New Zealand are to be replaced by some made of reinforced concrete, as tests have 
shown that these boxes are stronger and lighter than the iron ones and cost con- 
siderably less. 

n' 
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How to Patch a Concrete Floor, — When a cement floor surface begins to 
wear, it is often desirable to patch it. Mr. IxH>nard C. Wason, president of the 

Aberthaw Con- 
struction Co., 
Boston, in a recent 
pa}x?r slates the 
right way and the 
wrong way. 

The W rang 
Way. — (.'ommonly 
a sand and ('ement 
mortar is made, 
some cutting is 
done, and the mor- 
tar is put in and 
scrubbL-d with a 
steel trowel until 
smtyoth. It is thcMi 
cov(*red up for a 
while. If the con- 
crete un(Jf*r t h e 
patch is left dry it 
soaks up the water 
of the mortar. As 
a result, the mortar 
does not set. If 
the room is dry or 
hot, the surface of 
the pat('h dries out 
for the same reason 
it docs not set. If 
the co.ncr(‘te under 
the patch is dusty, 
the patch does not 
a d here to the 
concrete. If the 
materials in tht* 
mi^rtar are not suit- 
able, naturally the 
patch wears badly, 
l^irticularly as it is 
obviously locati‘d at 
a point of seyere 
wear. 

The R igh 1 
Way. — Cut down 
the worn place at 
least 1 4 in. This 
cutting slipuld be 
carried into the 
strong unbroken 
concrete and the 
edges should be 

The bottoni ^ the cut should then be swept out, clean-blown out with compressed air 
w a pair of bellows, if available, then thoroughly wetted and scrubbed with a broom, 
a this wajy small loose particles of broken material which the chisel dias driven into the 
ato remov^, A grout made of pure cement and water about the consistency of 
thm si^uld be scrubbed into the pores with a broom or brush, both at the 

bottom aiid sides of the cut. Following this a stififer grout, about the consistency of 
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soft putty, should be thoroughly compressed and worked into the surface which has 
already been spread with grout. Finally, before the grout is set a mortar made of one 
jMirt cement to one part crushed stone or gravel, consisting of graded sizes from J in. 
down to the smallest, excluding dust, should be thoroughly mixed and put in place, 
then floated to a proper surface. Cover with wet bagging, wet sand, sawdust, or other 




The AssoctATBo Porilano Cement Manufacturers’ Stand. AoRicuLtuaAL 
. Society's Show. Doncaster. 


materiqj. All trucking should be kept off and the surface kept thoroughly 
wet for at least one week or ten days, 

‘s required, a few nails are sometimes mixed with the 
mwtar and other nails stuck into the surface when the patch is finished. * This will 

produce a surface which is extremely hard and durable. «o. .nis win 
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“Simplex” Steel Sheet Piling 


(Pateat) 



22 lbs. per super foot when interlocked 


Rolled Sections 8 ins. wide, of synimetrical shape ^ 
and strong interlock. Narrow units for easy 
handling. Watertight owing to large interlock. 

CAN BE DRIVEN WITH HAND MAUL. 

Stocked in following lengths for dispatch at few hours’ notice : — 

6, 8, 10, 12, 14, 16, 18, 20, 24, 28, 32 feet. 


On hire only for United Kingdom unless for 
permanent work. 

SOLD OUTRIGHT FOR ABROAD. 


Note— FOR HEAVY WORK OUR UNIVERSAL JOIST 
PILING SHOULD BE USED. 


All particularsifrom 

THE BRITISH STEEL PIUNG C9 
House, Billiter Street 
London, E.C. 




Telegramn 

'Gramcrey, London* 




PlMse mmUcn token witing* 
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TRADE NOTICES. 

Portlaad Cemeat at the Agricultural Society’s Show, Doncaster.— Wsitors to 
the Royal Agricultural Society’s Show at Doncaster had the possibilities of the use 
of concrete on the estate and farm placed before them in a very striking manner at 
the stand of the Associated Portland Cement Manufacturers (1900), Ltd. Following 
cut the educational policy which this company inaugurated at the previous year’s Show 
at Norwich, they had a very large stand at which were displayed (for exhibition only 
and not for sale) all kinds of articles required for use on estates and farms. The rapid 
increase in the uses to which this material is being put was well illustrated by the fact 
ihat it was found necessary to have a stand exactly ^double the size of that at Norwich. 



The Associated Portland Cement Manufacturers’ Stand, Agricultural 
SuciBiY's Show, Doncaster. 


There were displayed numerous reinforced concrete articles, such as rectangular 
and circular cattle troughs, hog troughs, chicken troughs, roofing tiles, flooring tiles, 
fence posts, and gate posts, and the moulds in which they were made. Many of these 
were of a similar charac'ter to those previously exhibited, except that parts were left 
unfinish<^d so as to leave some of the ironwork exposed, thus showing the method of 
reinforcement and adding much to the interest of the exhibit. 

The stand was surrounded on all four sides with various types of concrete fencing, 
and at the front of the stand, immediately behind a pair of field gates hung upon 
large concrete posts, was a large concrete facia, on one side of which was the company’s 
name in raised letters, and on 'the ofher panels illustrating different types of surface 
finish. Looking at this, one could quite realise that concrete name plates and street 
signs might be used to great advantage, as they are practically indestructible and, above 
all, cost nothing for maintenance. 

There were panels of “ scrubbed concrete ” on the other sides of the stand. The 
method for obtaining these results is very simple. As soon as the concrete is set (usuaHy 
after about twenty-four hours) the side of the form is removed, exposing the surface 
of the concrete, which is then scrubbed with an ordinary scrubbing-brush to take off 
the film^f cement and expose the aggregate. The use of various kinds of aggregate 
renders it possible to obtainsa large variety of pleasing finishes in this way. 

A section of a concrete cow stall was shown which created considerable interest, 
and no one concerned with the welfare of cattle could fail to be struck by the admirable 
hygienic and sanitary properties of such construction. • 

A lean-to roof partly covered with the concrete and asbestos “ Poilite ” tiles 
manufactured by Messrs. Bells Asbestos Co. and partly with ordinary slates indicated 
a saving of nearly* 75 per cent, of weight by using “Poilite” roofing; the weights 
given being “ Poilite ” 21 lb., and Welsh slates 80 lb. per yard super. 

The Associated Portland Cement Cewnpany distributed at the stand a cortaiderahly 
enlarged and improved edition of their valuable pamphlet, entitled “ Concrete 
Estate and .Farm,” copies of which; we understand, they will be pleased to send 
anyone interested upon receipt of request addressed to Portland -House, Lloyds Avenu% 
E.C. 79 . 
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work has commenced for the new loading pier which the^Coipciration of Southlnd-on- 
Sea has decided to erect under the superintendence of Mr. Ernest J. Elford, M.I.C.E., 
the Borough Engineer. The total length of the pier will be 600 ft., and it has been 
designed for a working load of 5 cwt. f>er sq. ft. The whole of the work will be 
executed on the “ Piketty ” system of reinforced concrete. Mr. T. \V. Pedrotte, 
Enfield, N., is the contractor. The contract is for 1,000, The Borough Engineer 
selected and recommended the adoption of the “ Piketty ” system after receiving 
designs in oi>en competition from other firms of j-einforced concrete spe?cialists. 

The Armoured Tubular Plooring Co„ Lid.—HM. Office of Works have recently 
entrusted to the Armoured Tubular Flooring Co. certain works in connection with 
Hertford House, Manchester Square, where the valuable Wallace Collection is housed. 
The work, which has been carried out to make the building more fire-resisting, includes 
the reconstruction of the upper portion of the right wing. The old roof has been 
removed and the existing wooden floors have been taken ou4 by the contractors, Messrs. 
Dove Bros., and a new fire-resisting floor has been installed on the armoured tubular 
system, also some flat roofs adjoining. The whole of the work has been carried out • 
without any centering Whatever. We hope in a subsequent issue to deal with this work 
more fully. 


MISCELLANEOUS 

Rate 6 lines (or under), Ss. ; each additional line, lOtf. Remit with order. 


C LERK OF WORKS.— To supervise and 
set out constructional work of a factory in India, 
embracing concrete work, erection of heavy milling' 
machinery, en»tines. iron roofs and bnildiii(;s and tu 
carry out, if necessary, any small jobs such as founda- 
tions for columns, entiines, machines, shaftinfi, etc , 
laying in surface drainage, concrete floors or small iron 
sheds, which were inconvenient to sublet. Job will last 
about nine months, and if he proves himself active, 
energetic and useful, might lead to a permanency or 
transfer to other similar work. 

Apply by letter to Edward Williams, 11 Derby 
Road, Tolworth, Surrey, stating salary asked, when 
disengaged, experience and references. 


PONCRETE BOOKS at GREAT REDUC- 

TIONS.— New Books at 25 per ient. discount. 
Books on Concrete, Engineering. Building Construction, 
Technical and all other subjects supplied. Sent on Ap- 
proval. Slate wants. Send for Lists. Books purchased. — 
• W. & G. Fovlk. 121 Charing Cross Road, London. W.C . 

E ngineer for india.— wanted in 

New Year, on a four years' agreement, a good 
man well experienced in ferro-concrete work, drainage, 
and general constructional work for a firm of contrac- 
tors. Able lo work as required, either in office or outside 
work, and make himself energetic and generally useful. 
Must promise to learn Hindustani. 

Apply by letter, stating experience, age and salary 
required to Edward Wii.liams. 11 Derby Road, 
Tolworth, Surrey, who will also supply suitable appli- 
cants with fuller details. 




BRITISH IMPROVED CONSTRUCTION CO. 

Telephone: 4067 Victoria. LTD. Telegrams; " Biconcrete, Vic, London." 

*‘ B I C 

47 VICTORIA STREET, WESTMINSTER, S.W. 

Manufacturers of all kinds of 

Concrete Constructional Materials 

(Plain or Beinferced) 

> Including PIPES, PARTITION AND PAVING 
SLABS, SLEEPERS. STANDARDS & POWER 
TRANSMISSION POLES, HOLLOW BEAMS 
AND FLOORS, FENCING POSTS, etc., etc., 
by the weU-biown “J AGGER" PROCESS. 

^ fc 

jSnjf&ieO'a’ md Contractors' Own Designs carried out to order 

Concrete Pipea for High Prenoree, abso- 
Onr Concrete weighs 156 lbs. per cubic foot. 







The Assouan Dam. Copyright (1911) 

General View of the Dam. Property of Owfiers of Plates 
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SIMPLEX CONCRETE PILES 


THE SIMPLEX SYSTEM OF CONCBETE PILIHG 

is the most effective and economical means of securing 
an absolutely safe foundation in unreliable ground. 






SIMPLEX CONwJlETE PILES AT THE SOUTH WALES PORTLAND CEMENT AND LIME 
Cp;S NEW WORKS. PENARTH. J. W. Rodger. Esq.. M3.A^ Architect. 


The absve Ulittinuion ol Simplex PUes expcwed for inipectioa clearly shows the great 
skin friction, the rouf^ smtace of the^ pile «menting itaelf to the surroundinf 
earth, ana thereby greatly increasing the car|^iDg power. 

NOTE THESE POINTS: 

Hie piles are cpnstmcted hi position. oNo delay in casting piles beforehand. 
Exatgefion reduced ,to n miiuitittai. Unltmited durabiltty. No driving ukes 
idM Utt the risk lyMcb always exists in moitlded piles, 

to the stress of driviag, is entir^ obviated. 


ll^mMTEHdUIT ANS SSaiED 


J^d0XUST ON APPUC4TJON TO 

WCRETE BlljS. LTD. 

LONDON,. DW. . . 

^ Telegtsau: ^'Simpileteo. London *' 
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EDITORIAL NOTES. 

THE ASSOUAN DAM. 

Fhk completion of the Assouan Dam — one of those? great achievements 
of British thought and work w’hich will materially benefit many thousands of 
human beings, and stand for many centuries as a landmark of British enterprise 
— was accorded somewhat less space in the public Press of this country than 
is given to a fashionable fancy dress ball, and certainly much less than to some 
notorious law case. Another feafurc regarding the reports of the completion 
of this work was that they seemed studiously to avoid giving the slightest 
tribute or praise to that splendid band oT technical workers, both skilled engineers 
and foremen, who, by forethought, energy and diligence, not only played an 
all-imporlant part in the carrying out of this great scheme, but to whom must be 
attributed the highest praise for precision combined with smartness, under 
circumstances that were frequently exceedingly trying. 

We have dealt with the Assouan Dam at considerable length in our issue 
of April, 1911, which was illustrated with the most perfect photographs avail- 
able, and we do not hesitate to reprint our frontispiece of that issue, a 
reminder of the extent and grandeur of this work. It is, therefore, unnecessary 
to recapitulate the numerous figures presented with our article as to the size 
and effective value of the undertaking. 

Only in one direction do we again wish to emphasise some views expressed 
by us on the (x:casion of that article — viz., in respect of the submersion of the 
Temple of Philae. We would repeat that this temple is one of many ruins 
situated between Cairo and Wadihalfa, and although ancient temples as a whole 
are of the greatest possible interest, the single specimen is a mere entity. 
Whether one or a dozen of the ruins disappear to-day is merely a matter of 
sentimental regret. We have all the historical records we require, and the 
practical loss would be nil, for there is no utility in the ruins, except, perhaps, 
as some flight attraction to tourist money to Upper Egypt. 

It is well indeed that this temple has not been allowed to stand in the way 
of the development of Egyf)! ; to have permitted it to act as a detertlsnt would 
have been as unreasonable as it woufd l^ve been inhuman. Humanity requires 
that our knowledg;^, skill and means be applied to the improvement mankind. 
The lot of the Egyptian is vastly improved by the Assouan Dam. With the 
increased prosperity of Egypt, funds become available, for the .better hygiene 
and sanitation of that country, for the reduction of elementary 

education, and for general civilisation, and it i^ that such 

benefits should be prevented or retarded by .egot$|ip for the 

most part, know little and care less for Egypt. - 



THE ASSOUAN^ DAM. 


The great Assouan Dam is therefore not only an immense work realised, but 
a distinct victory over morbid sentimentalism in the matter of second-rate ruins, 
and shows that common-sense is wanted where hysterical hypocrisy so frequently 
and unfortunately gains its way. 

One last word. We see that the primary worker in respect of the success- 
ful completion of the Assouan Dam— Mr. Murdoch Macdonald, C.M.G. — has 
now been appointed to the highest office available in the Egyptian Ministry of 
Public Works. We congratulate him upon this well-earned compliment; we 
also congratulate Lord Kitchener upon putting the right man in the right place. 
When some day the true history of the Assouan Dam comes to be written, 
it will easily be seen that the influence of this worker on the .spot has been of 
even greater importance to the iindcrtaking than that of others who have 
perhaps figured more conspicuously in the public Press, and it is to be regretted 
that some of our greatest works and workers are almost invariably not accorded 
that credit which is due to them in great engineering enterprises. 

AN ACTIVE CONCRETE INSTITUTE. 

We have received pjirticulars of the impending annual meeting of the 
German Beton-V’erein which is to be held at Berlin on February i3lh and 14th, 
and we are struck by the excellence of tlieir programme. 

Apart from the usual annual report, there will be a special report on the 
Testing Commission of this lK)dy, which has done such valuable research work 
in the pasl. There will be a report on the co-opera lion of the Society in the 
Building P-xhibition to be held at Leipzig next summer, and a similar report on 
the question of Arbitration as applicable to the concrete and reinforced concrete 
industry. Two of the lending authorities on research work in Germany are 
presenting lectures — viz., Professor Rudeloff on “ Tests with Columns,’* and 
Professor Gary as to the “ Rusting of Metal and Brickwork.” Dr. Trauer is 
presenting a paper on a gigantic auditorium of reinforced concrete construction 
which is at present being erected at Breslau. Mr. Christian! reports on 
” Reinforced Concrete Quays,” whilst four other members arc presenting 
papers on notable buildings carried out during the past year. Besides this, 
three precis will be presented, one on ” P'ailures in Building Construction,” a 
second on the ” Effect of Earthquakes on Concrete and Reinforced Work,” and 
a third on the ” Effect of Explosions on Concrete.” 

Surely this is a remarkable and eminently interesting programme of work, 
which is of the greatest possible credit to the Society in question, and a pro- 
gramme of this description is not only highly instructive and beneficial to the 
members of this Institute, but raises its work to a position where it cannot fail 
to be appreciated by all concerned, and the public authorities in particular. 

Our own Concrete Institute would do well to take a leaf out of the book 
of their allied Institute's Berlin programme. 

^ aiUNPORCED CONCRETE FAILURES. 

'When: the Co^ctete Institute had been fairly started, some four or five years 
one otvthe fitst pidees of work suggested as a safeguasd to the professions 
^ their first chairman — was the careful 
' reinforced concrete failures, as affording some of the best 

precautions to be observed and errors to be avoided. 



REINFORCED CONCRETE FAILURES. 


But there has always appeared to be some diffidence as to getting to work really 
seriously on this all-important subject, this being mainly due to that extra- 
ordinary fear of responsibility which prevails among professional men who 
cannot realise that a statement of fact in the public interest, properly and 
conscientiously put, can never be a libel, and partly owing to a certain fear 
among those of the members of the Institute who are concerned with the 
specialist firms, that some failures of theirs might come under view to the 
detriment of their standing. Recently, however, a small sub-committee has 
been formed to go into the matter, but certainly up to the present we have heard 
of no case of systematic investigation, nor have we seen any programme of how 
the inquiries are to be conducted. 

England has fortunately been fairly free from seriofis accidents in rein- 
forced concrete work, although there have been several notable ones which do 
little credit to those primarily concerned. Fortunately, however, we have not 
come across any accidents of this kind which can be attributed directly to any- 
thing that might be detrimental to the interest of reinforced concrete as a 
whole, inifsmuch as none of these accidents have so far shown that reinforced 
concrete, if properly designed and properly executed by competent and 
responsible people, is in any way mcjre dangerous than any other form of 
building construction properly designed and properly executed. The failures 
have been largely due to negligence, stupidity, or sheer scamping. 

'I'here are two words of warning on the matter of failures which we would 
like to give. 

I'he first is to the builder or contractor. It is to the effect that it is unwise 
to handle reinforced concrete in any form, unless to the design and specifications 
of experienced men, and unless carried out honestly by experienced artisan^. 
There is no form of building construction that is more dangerous when sub- 
jected to false economy or dishonesty than reinforced concrete construction. 

The second is addressed to the reinforced concrete specialist who combines 
•deigning with contracting, and that is, that the present competition to obtain 
work at entirely unsuitable prices must be disastrous to the development of the 
work they have in hand, and if they do not have immediate disasters actually 
during the course ol construction, the manner in which they are often “ cutting 
things fine ” in design and quality of materials must obviously result in 
prospective failures when the effect of their scamping becomes apparent upon 
the structures they have put up when subjected to the strain of actual usage. 

It is to the interest of all those industrially concerned to stop this 
scamping in design and poor workmanship promptly, even if they have to be 
satisfied \vith a lesser return for their work, for if failures through bad design 
or scamping increase, reiifforced concrete — ^which has been adopted with 
reluctance in this country— will suddenly jjecome as unpopular as certain other 
forms of buildings have become, and those who wish to earn their Uvigg thereby 
will have to find fresh fields, instead of sensibly developing their present one. 

The professions and industries concerned must further plainly face the 
actuality of failures,* investigate the causes thereof, and publicly censure those 
who are responsible ior them, if they wish the reinforced concrete industry to- 
iiourish. 




New Rubber Workshop, Elevation from Nortb-East Side. 
Estension of Messrs. Siemens Bros.’ Works, Woolwich. 
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EXTENSION OF WORKS 
—SIEMENS BROS. & CO., 
WOOLWICH. 

By F. SOUTHEY. A.M.lnsi.CE. 


T^e follov/lng pjirttcuUrs of the extension of Messrs* Siemens* s ivorks may not le 
•without interest to those contemplating aidiiions or alierations to similar bkildtngs, — ED, 


In lilt; new buildings recently erected for Messrs. Siemens Bros. X: Co., at 
Woolwich, concrete and reinforced concrete have been used on a larg'e scale. 
Concrete has been used exclusively in the foundations and reinforced concrete 
in the tl(K)fs, roofs, columns, staircases, and lintels in the superstructure. The 
walls arc in brickwork, with piers to take the load on the floors and brick 
panelling;- and w'indow openini^^s between. This method of construction w'as 
adopted in the case of two lar^e and one smaller buildinj^, and a short descrip 
tion of each, with special reference to the concrete w’ork, may not be wuthoul 
interest. 

NEW RUBBER WORKSHOP. 

This buildinj^*, containinjr a capacity of nearly two million cubic feet, is in 
plan tomposed of two winj^s or blocks, forminj^ jit their junction an anj^le of 
9-1 i deg^rees. The south bliK'k is 320 ft. in Icng-th .and the wxst block 202 ft. 
in Icng-th, measured from the external point of intersection of outer walls. The 
uniform width betw^ecn cxlernal faces of piers is 50 ft. 9 in. There arc six 
lloois, including the ba.sement, giving a total floor area of just over three acres. 
The height from basement floor to mean roof level is 79 ft. 

The building is supported on 153 concrete piers founded on sand. The 
piers are 3 ft. by 3 ft. in. under walls, 5 ft. by 4 ft. under columns, and 
5 ft. by 5 ft. at corners. They varied in depth from 7 ft. to 14 ft. 9 in. below 
basement floor level, w^hich is itself 7 ft. 6 in. below general ground 
level. The base of each pier was extended on all sides by under- 
cutting in order that the distributed load on the sand should not exceed three 
tons per square foot. 3,000 cub. yds. of concrete w^ere placed in piers and 
trenches, •the concrete (as is the case with the other buildings) being com- 
posed of I part of Portland f ement to 6 piirts of Thames ballast with a suitable 
proporiion of plums.’’ Gravity concrete mixers were used for the bulk of the 

foundation work, • 

A single row of 28 columns along the major axis of the soutlP block and 
12 in the west block divides the width into two equal spans of 22 ft. 9 in. These 
columns carry transverse beams, there being no secondary beams excepting in 

one end bay of longer span. ^ ^ . 

The columns on each floor are uniform in size; they are 21 in. by 21 in. 










F, SOUTHEY. 

under ground floor, iS in. by i8 in. under first floor, und i6 in., 15 in., 12 in. 
and 10 in. square under second, third, fourth, and roof respectively. They are 
chamfered at the corners. 

The south block columns carrying the ground floor are reinforced with eight 
rib bars, four |-in. set at each angle, and four intermediate of f-in. section, while 
those in the west blcKik are equal in number but of larger sectional area, being 
respectively four i-in. and four J-in., the heavier bars being placed at the corners 
in every case. This increase in the case of the west block as compared with the 
south on account of the extra load carried continues upwards. Columns under first 
and second floors have also eight vertical rib bars, but those undej third, fourth 



New Rubber Workshop, Third Floor. 

Extension of Messrs. Siemens Bros.’ Works, Woolwich. 


and roof have only four. The sectional area of steel, as well as the size of column, 
diminishes as the point loads decrease, and the columns under fftof con- 
tain four J-in. rib bars only. All columns are bound ^th A-in. mild steel wire ties 
up to third floor level at T2-in. centres, under fourth floor at lo-in. centres, and 
the roof columns at 9-in. centres* Thele binders are threefold, square over all, 
and bracing^spposite intermediate verticals. The beams are generally 20 in. by 
lo in,, measuring 14 iii. by 10 in. below the 6-in. slab. They are rein- 
force witfi i|-in. trusse rib bars of varying size to conlplete the required 
^'^ectional area, which are cranked up for shear and carried over columns foi* con- 
tittdty/ Oh all tte floors and roof 4f-in. by if-in, R.S.Js. are cast in the 



REINFORCED CONCRETE RUBBER WORKSHOP. 


beams, the bottom ilangc projecting- i in. below the sPllit for shaft and machinery 
fixing; these are tied in by means of hairpin stirrups passed through holes in 
the upper part of the web. 

The slabs arc uniformly Ci in. thick and reinforced with rib bars of varying 
size, spaced from 8 in. to 12 in. between centres, the bars of each slab being 
cranked up over the beams for shear and continuity, while end slabs have 
inverted trussed bars placed on 18-in. centres in the top to assist compression. 
Ihc roof slab has an over-sail forming a cornice reinforced with |-in. rib bars, 
spaced 2 ft. apart, and the whole surface is covered with ruberoid, 

The following gives the calculated supcrloads on the respective floors in 
the west block, w here the maximum loading occurs (iround and second floors, 



New Offices and Store, showing Flgior in Course of Construction. 
Extension of Messrs. Siemens Bros.' Works, Woolwich. 


3 cwt. per sq. ft. ; first floor, cwt. ; third floor 2 cwt. ; and fourth floor i ewvt. 
per sq. ft. 

The two internal staircases are in reinforced concrete with landings and 
risers caij'ied on main and stringer beams reinforced with trussed bars. 

The concrete in the reinforced work was gauged i part of Portland cement, 

2 parts of clean sand, and 4 parts of Thames ballast crushed to pass a f-in, 
mesh. For the mixing of this two concrete mixers of the Swiss type were 
used. About 3,500 cub. yds. of concrete and 230 tons of Steel reinforcement 
were used in the superstructure. 

On the roof are plficed two gearhouscs in connection with the working of 
the lifts. In each block an external iron staircase is provided for exit in cases- 
of emergency. 
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NEW OFFICES AND STORE. 

This is a building of five storeys, 90 ft. in length by 40 ft. in widih, with 
an annexe and lean-to roof 25 ft. wide running the whole length of the west 
side. 

The main building is supported on 18 concrete piers founded on sand. 
These piers varied in depth from 22 ft. 6 in. to 28 ft. below ground level. The 
central row of six piers (each 5 ft. by 3 ft.) supports columns that divide the 
internal width of 36 ft. 6 in. into two unequal bays of 22 ft. and 
14 ft. 6 in. respectively. The piers under the east wall (on which 
side is the longer span) are 5 ft. 3 in. by 3 ft. 6 in., and those under the 
west wall 4 ft. 6 in. by 3 ft. The corner piers were made square to the larger 
dimension in all casec. The trench concrete is reinforced with steel girders, 
and these act as beams for supporting the walls. 

The reinforced concrete columns are square, with chamfered angles, mea- 
suring 16 in. by 16 in. on ground flf)or and 14 in., 12 in., 10 in. and 9 in. 
respectively on first, second, third, and fourth -floor. They are reinforced with 
rib bars, there being eight -J-in. rib bars in the ground and first fl<x>r* columns, 
four I -in. rib bars in those on second floor, four |-in. at third floor level, and 
four J-in. supporting roof. All arc bound with i^-in. wire at 12-in. centres, and in 
the case of those at ground and first fl<x)r levels are cross bound in addition. 
Spanning these columns a continuous beam reinforced with Kahn and rib bars 
(the latter bent over suppK>rts for continuity) and 24 in. deep by 9 in. wide runs 
the full length of the building, and this, apart from the staircase and lintels, is 
the only beam on each floor, the span to walls on cither side being flat on soffit, 
constructed in the Kahn tile system. These hollow tiles are uniformly 
1 2# in. by 12 in. on plan, and vary in height according to the depth of floor as 
called for by the requirements of load and span. They are placed in rows across 
the span, a 4-in. interval separating each row, the tiles being stopped some 
distance from the beam, so I hat the table of the beam may be formed in solid 
concrete for T action. The concrete is then cast in the troughs between the 
rows of tiles (embedding the reinforcement) and is floated over the tiles to the 
required depth, thus constituting a monolithic series of small continuous T 
beams. The tiles in this system are not called on to do work, but merely to 
occupy space and give a flat soffit. These spans arc, as mentioned above, 
14 ft, 6 in. and 22 ft., but it is interesting to know that spans of 30 ft. to 40 ft. 
are possible in this method. In the case of the 22-ft. span, the 12 in. depth of 
floor is made up with 10 in. tiling and 2 in. of concrete, while for the roof 8* in. 
depth of tiling with i in. concrete float sufficed, the reinforcement consisting 
of J-in. bars on i6-in. centres, thus giving the concrete joist betw’een tiles a 
width of 4 in. • 

The staircase is carried by 14-in. (Ranked stringer beams 6 in. wide, rein- 
forced with^rib bars in the bottom, 

g;y All , the wails, columns and ceilings in the main building are plastered with 

i^irapite, 

'fhe concr6t^ was, oemposed of i part by volume of Portland cement, 4 
/parts of washed rtyer ballast crushed to pass a f-in. mesh, and 2 parts of sand. 
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new telephone workshop. 

This is a building of six floors with a mean length of 325 
and height from basement floor to underside of roof 78 ft. 


width of 45 ft, 
There is a large 
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New Telephone Workshop. 

Extension of Messes. Siemens Beds.’ Works. Woolwich. 









REINFORCED CONCRETE RUBBER WORKSHOP. 

The foundation piers are placed at i8-fL. 6-in. centres, and a series of 
continuous reinforced concrete foundation beams afford direct support to the 
brick wail piers, which are spaced 9 ft. 3 in. between centres. The columns 
under ground, first and second floors are all wound with helicoidal reinforce- 
ment. This was supplied to required diameter ready coiled, and was fixed and 
wired in place according to pitch. 

A single continuous longitudinal beam on every floor and roof extends the 
^^'hole length from column to column, intersected by secondary transverse beams, 
each of which has a bearing at one end on the wall pier. 

A parapet wall with a concrete coping serves both as a suitable finish to the 
^south side fronting the street and a means of affixing the title of the firm in 
!«kclcton letters. • 

It may here be staled, in conclusion, that ^Tr. W. Dicselhorst, the works 
general manager of Messrs. Siemens Bros. & Co., was responsible for the gxjneral 
design of the whole scheme, the architects being Messrs. Herbert and Hclland, 
on the staff of the same firm. Messrs. Holland & Hannen were contractors for the 
two large liuilings, and Messrs. Mowlem & Co. the contractors for the. smaller 
building— viz. , the new offices and store. The Trussed Concrete Steel Co. were 
the specialists for the reinforced concrete work, and supplied all the steel 
reinforcement. 
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STOPPING PLANES IN 
REINFORCED 
CONCRETE. 


By EDWARD J. STEAD, As>oc.M.Int>.C.E. 

The qaesHon tfStoppino PUnes in reinforced concrete is one that still calls for much 
attention and siu^ and the following article on the subject may therefore prove of interest 
to our readers, - ED, _________ 

It appears to the writer from con.sidcrable experience of reinforced concrete 
construction that insufficient consideration is as a rule given to the determination 
of positions of stopping planes in this class of work. 

Beams and Slabs. — In concreting beam and slab works it is *a common 
practice to fill up the beam forms to the level of the underside of the slab, then 
at a later stage of the work to follow dver with the slab concreting separately. 
During the interval the surface of exposed concrete receives more or less injury 
from dirt, etc., and it has frequently been noticed that the shear reinforcement 
gets flattened down and knocked out of shape. These circumstances result in 
a plane of weakness as regards horizontal shearing on the line a — b in Fig, i. 
It has further been observed that the stopping planes in the slab concreting are 
often made vertically over the longitudinal centre lines of beams, as at c — d in 
Fig, 1, 

In this type of design the beams are in general calculated as T-beams, and, 
notwithstanding the fact that many successful constructions have been carried 
out in the method indicated, it is' submitted that it is undesirable to make 
temporary joints in the positions shown. No matter how carefully the surfaces 
are cleaned and roughened the homogeneity so greatly desired cannot be 
secured. 

To obtain the full value of the area of concrete in compression — i.e., that 
portion of the beam proper which lies above the neutral axis, together with 
the width of the* slab acting with it — stopping planes should be excluded so far 
as practicable from that area. Unless the vertical reinforcements in the beams 
maintain their intended shapes and positions, are rigidly attached to the tensile 
reinforcement, and well concreted into the compression area, the resulting 
. construction approaches that, of a rectangular beam of depth a — e with the 
slab resting upon it, and the strength will be* considerably less than the 
de$i^f(er intended. ^ 

f||l ;a^atter of practical construction, stopping planes must occur sbme- 
M tbe epnerete, ;^d it is suggested that in the case of beams in one 
; beams— the better practice is to cast the beam 

in Fig, 2 , in Which Ae dotted lines f — g 
with the beams and at the centres of the 
no serjbus objection to the joint through 


, shown 

'p^ailei 
can be 
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the slab, as it is at right angles to the direction of the main reinforcement, the 
bars of which being continuous over two or more beams ensure full tensile 


C' 





strength being available. A temporary face bpard would be necessary tp keep 
a vertical face of concrete to join up against on resuming. The upper part of 

C 
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the slab being in compression the action under loading will be simply pressure 
on the two concrete faces, and the shearing stress at the joint will be nil. 

In constructing larger floors where there are both main and secondary 
beams a somewhat similar method is desirable. For the purpose of illustration 
a floor has been assumed as in Fig. 3, where the main beams, supported at 
intervals by columns, run the short way of the building, and between the main 
beams are the secondary beams with a slab over all. 

Here the main beams and column connections demand special notice, and 
from theoretical considerations the concreting would be most advantageously 
carried out in bays across the short way of the building, each bay comprising a 
main beam and portions of the attached secondary beams and slabs, the joint 
lines being along thee, centre lines of slabs and parallel to the main beams, as 
shown by the broken lines a — a. Complete homogeneity would thus be 
assured to the main beams and the portions of the slab acting therewith as a 
T-beam, there would be no break in the work over or around the column heads, 
and so far as the secondary beams are concerned the stopping planes would be 
in the most suitable positions — viz., at the centre of the span and at right angles 
to the direction of the beam. 

Assuming, however, that the size ofithe building i> such thar the volume of 
concrete in one bay, as indicated, is too great to be put in without a break, it 
will be necessary in order to reduce the amount of work to be done in one 
operation to make stopping planes through the main beams. The first point 
then calling for notice is the necessity for avoiding a break at the points of 
. ^ . / 1 . , . t span 

inflexion (which are at approximately from the supports) on account of 


the shearing action at such points. A stopping plane could most advantageously 
be made at the centre of middle span — i.e., in the line h — h. 

In no case should concreting be stopped in beams or slabs where shearing 
stress is likely to be great, as at a point near the supports or under a heavy 
concentrated load. 

It is necessary to fix the whole of the reinforcement in beams before 
concreting is commenced, but in the case of slabs a common practice is to lay 
the bars down a few at a time as the concreting proceeds. The adoption of the 
stopping planes advocated above necessitates the fixing of the slab bars in 
advance of the concreting — a decided gain as regards accuracy of spacing and 
the ultimate strength of the work. 

Columns. — In general, stopping planes in columns present no difficulty, as 
they are usually concreted for the full height between floors at one operation. 
Even if this does not occur, provided the concrete is temporarily Itft with a 
horizontal surface, and kept clean and free from foreign matter, no weakness is 
incurred, as the joint will be at right angles to the pressure upon it. 

Arches ^ — The stopping planes iri*concreting arches may occur, according 
to the magnitude of the arch, either longitudinally or transversely. In each 
Ca^e both the upper and lower rrinforcements should be placed and fixed 
securely; iu position prior to commencing concreting. Wlfere possible a strip 
thickness of tW arch should be concreted from abutment to abutment in 
^eratipn, tjh^ temporary joint being made against a profile erected on the 
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laggings in the case of longitudinal reinforcement only, or in the case of mesh 
reinforcement by short boards set vertically between the meshes, as shown in 
Fig, 4 

In concreting sections of the arch transversely the stopping planes should 
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Stopping Planes im Reinforced Concrete. 







be at right angles to the line of pressure, or, for all practical purposes, 
perpendicular to the curve of the arch at the point, and, where possible, it is 
preferable to concrete a section the fsll width of the bridge at one operation. 

The temporary joint in this case will be 
made against a straight shutter of such 
depth as to be a very easy fit between 
the upper and lower reinforcement, 
such shutter being slipped in from the 
ends and temporarily secured at the 
proper angle. On recommencing, the 
shutter will be drawn out, the face 
boards fixed, and concreting proceeded 
with. The formation of a stopping 
plane of this description is shown in 
Pig- 5 - 

By careful consideration beforehand 
the positions of stopping planes ought 
Too much emphasis cannot be laid upon 
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to be determined and then worked to. 


the necessity for thoroughly cleaning, roughening, and laying thick grout upon 
all stopping plane surfaces when concreting is recommenced. 
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REINFORCED CONCRETE 
WHARF AND JETTY 
AT SAINT-LOUIS, 
S^N^GAL. 


TTie following interesting Mrtide has been compiled for us by Mr» G, C, Workman, and 
is based on an article which appeared in the French Journal, ' ' (^nie Civil, by Mr, Alfred 
Jacobson, Civil Engineer (France),— ED, 


The important works described in this article, which have recently been completed, 
are of special interest on account of the fact that they were executed entirely by native 
African labour, under the supervision of a few French engineers. 

The work comprises an extensive wharf on one side of the river S4n6gal, and a 
quay or wharf continued as a jettv on the other side of the same river. The total 
length of these wharves, quays and jetties,,, altogether about 1,200 m., was entirely 
constructed in reimforced concrete on the Coignet System. I'he work was put in 
competition in December, 1910, among French contractors sj>ecialising in reinforced 
concrete. After careful consideration of the various schemes put forw^ard, Mr. Morlaud- 
Ponty, Governor-General of the French West Coast of Africa, decided to entrust the 
execution of the work to Mr. Edmond Coignet, of Paris. 

The contracts concerning the construction of the wharf and of the quay and jetty 
were respectively signed on April 22nd and December ist, 1911. 

As this work w’as to be executed by natives and in a distant country, Mr. Coignet 
thought it advisable to carry out th<? work in collaboration with Mr. G. Touzet, con- 
tractor at Dakar, the latter being already thoroughly acquainted with IcKal conditions. 

The wharf, which has been constructed for the accommodation of steamers, 
measures 242 m. in length, and has a total surface of about 3,000 sq. m. ; 2,500 sq. m. 
of this total surface is constituted by a deck in reintorced concrete, and the remaining 
500 sq. m. is constituted by a filling of earth at the back of a certain portion of the 
wharf. The work has been calculated to support a superload of 2,000 kilogs. per sq. m. 
The total length of the wharf is divided up into two different sections : — 

ist. An upstream section of no m. in length, with a width of 13 m., in which the 
deck is supported, on three rows of piles and upon a wall in masonry work already 
existing. 

2nd. A downstream portion of 132 m. in length and 8*40 m. in width, in which the 
deck is suppewted by three longitudinal row^s of piles. In this case the extra width of 
the wharf is made up by an embankment of earth retained by means of sheet piles, as 
shown in Figs, 2 and 3. ' 0 

The reinforced concrete piles, of which there are 147, are spaced longitudinally 


every 5 m. and tranweraely every 4*11 m9 centres in the upstream portion ; and every 
in downstream portion of the wharf. The piles of the middle row have a 
of 0*3$ m, thbse in the two lateral rows have a diameter of 0*33 m. These 
idles werodrli^ stratum situated at a depth varyii\g between - i2’5o m. 

' ^ ® + i*8o m. The height of the various 

t^eldrjfe 'Varies /between 14 m. and 16 m. 

is .composed of n sl^b 0*10 m. in thickness, supported 
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by longitudinal beams having a span of 5 ni. and scantlings of o*i6xo'5o» the latter 
being supported by the piles, or by principal beams having scantlings of o*33xo‘45. 
Gussets were provided in order to contribute to the rigidity of the work. 

Fig. 5 shows a detail of the reinforcement of the deck and of the arrangement of 
the beams. The reinforced concrete slab of the deck was covered by means of a 
pavement made by placing by hand pieces of very hard stone into a layer of rich concrete 
lo a thickness of o’lo m. 

The reinforced concrete sheet piles acting as a retaining wall had a section of 
o‘i2xo*33. They were fitted with tongue and groove. The sheet piles were driven 
I m. into the ground and fixed at their top into a longitudinal beam. As an extra 



Fig. 1. Plan of th? Town of Saint Louis. 

Reinforced Concrete Wharf and Jetty, Saint-Louie. SfintoAL. 


measure of precaution, every ^ m. in front of the principiil beams land ties have been 
provided. These are covered in concrete and anchored at one end into the reinforced 
concrete deck and at the other into vertiaal reinforced concrete platee V2i m. by 
1*25 m. • 

By looking at section No. 5 it will be seen that an apron o’ 10 m. in thickness has 
been provided in front of the w'ork, and between the front longitudinal piles* This is 
to prevent the smalf boats from going underneath the platform. 

The jetty and wharf on the other side of the river near the raOway staUoh are, 
composed of an approach of 140 m. in length and 3‘65 m, in width, joined on to the 
end, which is designed for ships to come alongside, and which measttrea 60 fli* , in 

ibi 









Fi^s 2 & 3 Trans\erse Section and Plan 
Re NroRCED Concfet Wharf and Jetta Saint Lolis. Senegal 
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length and 10*33 m. in width. See Figs. 7 and 8. The total area of the wharf 
measures 1,300 sq. m. 

The work has been calculated for a uniformly distributed load of 3,000 kgs. per 
sq. m. 



The 147 piles included in this work have been arranged at dUtaiioes ot 4 m. 
There are only two rows of piles in the approach and three or four in the wider part at 
each end of the jetty. These piles have a diameter of 0*33 m., except in the middle 
portion where there are more than two rows of piles, where thehr diameter is 0*40 lii. 
The slab of the deck is o'lo m. in thickness, with way beams of 0*22x0*40 and secondary 

10 $ 




Fig. 5. Detail of Reinforcement of Deck and Arrangement of Beams, 
Reinforced Concrete Wharf and Jetty, Saint-Louis, Senegal. 
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:\o*i6xo’ 25. The transverse beams measure 0*33 x 0*50 and the braces uniting 
us piles measure 0*20 x 0*30. 

{le steel bars and the cement used in this work were sent from France. I.*oc^l 
i gravel, however, were used for the aggregate. The concrete was mixed by 
Isalt water taken from the river, 
ixccution of the work was divided into three parts : — 

the moulding of the piles, sheet piles, and anchor plates, and "also the 
1 of the braces for the jetty; secondly, the driving of the piles and sheet piles; 
Sy the making in silu of the deck. 

The first portion of the work mentioned above, comprising the moulding of piles, 
etc., is illustrated in Figs. 6 and 9, where natives are seen pr<»paring the reinforcement 
, of the piles and ramming the concrete into the moulds. The piles were left to mature 




Fig. 6. View of Site for making Piles, and Natives making Framework for a Pile. 
Reinforced Concrete Wharf and Jetty, Saint-Louis, SiN^CAL. 


on the ground in the usual manner and steel moulds were used. It was usually j}Ossible 
to remove these at the end of 24 hours. After about a month the piles were loaded on 
a 50-ton s^eel barge, and they were taken on to the site of either the wharf or the jetty 
to be driven. 

The work of driving the jSiles was carried out by means of a steam pile driver of 
the Decout-I-acour type. The position of th^ monkey was cantilevered at a distance of 
5'6o m. from the wheels supporting the pile-driver, this weight being cou|}terbalanced 
by the boiler at the other end of the structure. The total weight a|,t.the cantilevered 
extremity was 2 tons for the monkey and 5 tons for the pile during the pitching of the 
latter, giving a total bf 7 tons to be counterbalanced by the weight of the boiler and ai^y 
other counterweight required. 

TTie j>eculiar arrangement of this pile-driving apparatus was neccs^tated‘by the 
fact that the reinforced concrete piles already driven were being made use of to drive 

loS 
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the ones in front. The pile-driving apparatus was capable of rotating upon an axis, 
and also of a longitudinal movement along rails, so that it was possible to pick up 
the piles from a barge lying alongside, to hoist them in the air, and pitch the pile in 
the required position for driving. The total height of the driving apparatus was 
15 m. I'he total weight of the a.p|)aratus was 22 tons. As soon as a row of piles was 
driven the heads of these were connected together by means of w(KKlen bracings, and 
a temporary platform was constructed upon which the pile-driving plant was shifted, 
in order to bring it into position for the driving of the next row. 

A noticeable feature was that as soon as the braces were connected on to the new 
row of piles, the pile-driver was shifted in such a way as to bring its entire weight on 
two rows of piles. The apparatus would then pick up the beams of the deck at the 
back, and, turning round again, these beams would he placed on the top of the 
new piles which had jfist bc*<*n driven. The platform or deck was then compleU'd, and 



Figs. 7 & 8. Transverse Section, left bank of river. 
Reinforced Concrete Wharf and Jetty,. Saint-Louis, Sen^;gal. 


it was then easy to roll the bogeys into position at the centre of each bay, in order to 
distribute the weight of the pile-driving apparatus once more upon throe rows of piles. 

The advantage of this method of proceeding was found in the economy over a 
temixwary staging, which would otherwise have bwn required, and the difficulties 
which there would have been in fixing such a staging in a sufficiently rigid manner to 
enable the handling and driving of these heavy piles in reinforced concrete without 
any danger. « 


Concerning the actual pitching and driving of the piles, this was carried out in the 
usual inanner, the pile being lifted by the^head. 

When f he piles were lifted at the head, the end resting on the ground, there was 
a total deflection if|i middle equivalent to approximately the diameter of the pile— 
pile’ of length a deflection of as much astO\33 m. was noticed. 

caiMj jbodreti^, the pile regained its original straightness without showing any 
example of the great flexibility of reinforced concrete. 

; V ^ ^nmeler of the middle row were driven with a 2-ton monkey 




Fig. 9. Natives Concreting a Pile. 

RkIMFORCED CONgRKTB WhhRF AND JSTTY, SaTNT-LoUIS, S&Ml&OAI.. 

the cheeks of the beams to support the certtering of the slabs and the weight of the 
latter during the concreting. This method of procedure enabled the contr«ct<»« to use 
comparatively light scantlings for the woodwork of the centering. 

As shown in Fi^. lo the tmnsverse braces for the heads of the piles, which had 
already been placed in position for the proper supporting of the pile-driving apparatus, 
were left in position and actually formed the centering for the transverse b^ms, so 
that the fixing together of the heads of each row of three piles served not only *for the 
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purpose of steadying the piles to support the pile-driver, but also as a centering and 
staging for making cross-beams and supporting the deck during the construction. 

Concerning the reinforcement of the beams and slabs, this is clearly shown in 
5i where it will be seen that the beams are composed of a group of round bars. 
These bars have their ends gradually bent up at an angle of 45° and hooked to a longi- 
tudinal top bar, the advantage of this method being that the ends of the bars, which are 
no longer required to counteract the gradually decreasing bending moment, are made 
use of to counter«ict the gradually increasing shear towards the points of support. 



[^ig. 10. General View of Wharf, right bank of river, during execution. 
RsiNpoacsD CoNCRKTE Wharf AMD Jetty, Saint-Louis, S]£.ni^.oal. 


The frameworks or units of these beams were prepared beforehand by the natives 
and brought into position and simply huqg into the casings. The system here adopted 
has been f<q|ind specially suitable where native and unskilled labour has to be employed, 
because it has the advantages that once the unit reinforcement is prepared separately 
and beforehand, all th^t is necessary is to suspend it in the moulds during the concret- 
ing operation, and all the bars being bound together tightly, they cannot easily get 
out of position during the ramming of the concrete. 

The framework of the slabs of the deck was simply composed of a meshwork of 
principal and secondary bars. 

rof 
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Concerning the jetty and the wharf alongside of same, these were constructed in 
a somewhat different manner from the principal wharf already described. The jetty 
was constructed by ffrst driving the piles in the usual manner and by fixing the 
walings constructed beforehand in the manner shown in Figs, ii and 12. This arrange- 
ment consisted in chipping off the concrete at the required level around the piles, and 
fixing the bars of the walings around the chipped portion in the manner shown in the 
di awing. The joint was then grouted up. In this manner it was possible to drive the 

piles to their full height 
without having to make 
the walings and uprights 
in situ. The variations of 
temperature during the 
day were between 30® and 
40° Centigrade in the sun. 
During the periods of wind 
coming from the desert tb(^ 
temp(*rature, however, was 
much higher. It was 
necessary, of course, to 
j)rotect the work against 
this considerable heat, and 
for this purpose the con- 
crete was CO vert'd over with 
a layer of vsand of i or 
2 cm., almost immediately 
after the concrete was 
placed in position. This 
sand was kept continually 
in a moist state until the 
concrete was at least 
twenty days old. This 
simple precaution was 
found to be quite sufficient 
to protect the work from 
the heat of the sun. 

Concerning the labour, 
the men employed on the 
reinforced concrete work, 
either for the preparation 
of the steel frameworks, 
the centering, the concret- 
ing or the handling and 
driving of the piles, were 
all natives, very few of 
whom had anv other trade 

but the loading and unloading of barges oti the river. The method employed for 
carrying out the work was to form a certain number of gangs, the members of which 
were recruited by a few of the more intelligent natives, some of whom had a knowledge ^ 
of carpentry, or who were already accustomed to direct the men in the loading and, 
unloading of the barges. It was found that under the direction of th^e chief gj&ngm 
the work proceeded in a satisfactory manner, and, although in certain cases the pative 
labourers had only recently come from the interior of the country .and were not accu5-> 
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tomed to any special kind of wdrk, they very soon understood what was required, and 
were able to carry out their work as effectively as the others. 



Fifi. 13. Preparation of Centering for Deck of Wharf, right bank. 
Reinforced Concrete Wharf and Jetty, Saint-Louis, S^n^gat.. 



^ . , Pitt. WiMttff Ffirtly Completed, right bank of river. 

; '^tkjt^biib^CoNcsETB Wharf and jErpr, SamT-Louis. S^MdoAL. 
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Concerning the progress of the work, the 147 piles of the main wharf were driven 
between November 25th, 1911, and March 25th, 1912 — namel}^ in four months. The 
area of 2,500 sq. ni. of deck was executed between P>bruary loth, 1912, and April 25th, 
1912 — namely, in two and a half months. Seeing that the manufacture of the piles 
was begun before November, 1911, and that the execution of the final pavement on the 
deck was finished after April, 1912, it may be stated in conclusion that the main work 
of this wharf was carried out between November 25th, 1911, and April 25th, 1912 — 
namely, five months, which, taking into account the difficult nature of this kind of 
work in any case, the local conditions and the native labour, shows that reinforced 
concrete is eminently suitable for structures of this kind in the colonies. 

The work of the various wharves and jetties was executed under the control of 
the Administration of Public Works in Senc^gal, represented by Mr. Guyot, Chief 
•Engim^er, and Mesrs. Michas and Roily, Assistant Engineers, ^nd Mr. Roumijgoux, 
1 ns[>ector. 



Fift. 15. Concrdtbii oa D^ck of Wharf, left h«ttfc eif river. , 

RBlNl^BCBa COMCRSTB WhAIB AMD JSTtY, &A1MT-|«0VI9< SAMiOAi. 
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IMPERMEABILITY TESTS 
ON CONCRETE. 


By JAMES L. DAVIS. 

Section Engineer^ Board of Water Supply, New York City, 

The following tests were maae by the author when he was in charge of the Laboratory 
of the New York <kty Board of Water Supply, in connection with the design of the Catskill 
Aqueduct, The results were later incorporated in a thesis submitted to the University of 
Vermont and the present abstract takes up in order ihe effect upon the permeabitiiy of 
concrete of the inclusion of hydrated lime, pussolana, clay, very fine cement and additional 
cement, and in addition gives some new figures on the variation with the pressure of leakage 
through concrete. This article is reprinted from the American Journal ** Engineering 
News,** - ED, 



The use of hydrated lime as a means of rendering concrete structures infjxrvious to 
water has received the attention of several investigators, whose experiments have 
generally shown favourable results from its yse. ' Engineers have employed this material 
In waterproofing reservoirs and tanks and have secured watertight structures. 

The tests described below were undertaken with a view to determining the merits 
of this material and also puzzolan cement made by grinding together a mixture of blast- 
furnace slag and lime. Two brands of hydrated lime were us^, a high calcium and 
magnesian lime, each being a high-grade representative of its class. A single brand of 
puzzolan cement was used. 

The tests were based for ready comparison on plain concrete in proportions 1:3:6 
by weight. A lean mix was adopted to insure measurable leakage of the blanks. The 
increasing proportions of cementing materials used are given in the tables as fractions 
of the basal proportions of cement in order to show in an elementary manner the scheme 
adopted. The aggregates used were ordinary quartz sand and gravel supplied from 
Long Island banks for the New York market. The sand all passed a sieve with o’2-in, 
square openings. The gravel passed the 1*75 in. and was retained on the o*2-in. sieve. 
The density as well as the strength and permeability of the various mixtures was 
investigated. 

The density test is becoming one of the recognised means of determining the 
properties of mortar and concrete. The density of concrete is defined as the ratio of the 
sum of the volumes of the solid particles, cement, sand and stone in the mix to the total 
volume of set concrete. It is the complement of the air and water voids. The methods 
of determining density will not be given here. (See “ The Laws of Proportioning 
Concrete,*’ by William B. Fuller and Sanford E. Thompson, Transactions Am.Soc.C.E., 
Vol. LIX.) 

The permeability test specimens were cylindrical, 8 in. in diameter and 6 in. in 
length. About two weeks before testing the specimens were chipped with chisel and 
hammer to remove the “ skin ” and were enclosed over the sides and one end by neat 
cement casings poured. around and over the specimens which were centered *in circular 
ihoulds 12 in. in diameter. A pipe connection extended through the casing in line with 
the axis of the pylinder and terminated in a cushion of coarse, washed sand i in. in 
thickness,, oiwefiiig the end of the specii^en. This sand cushion prevented the neat 
cement pa^ with the casings were made from coating the end of the specimen 

and over the full end area. The specimens being coupled to 

Verti^ oittl^f of a p«;e^ure tapk, the water was forced to traverse 

concrete and was caught and weighed ^ it dripped from the 
Jtlife Jiiifeage r is the total* weight pas.sing during the last lo-min. 

Previous studies have shown that , fairly uniform conditions 
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of flow are established wkhin the hour when testing under the pressures used; 40 and 
80 lb. per.sq, in. The strength specimens were cylindrical, 6 in. in diameter and 12 in. 
in length. The tests were made on a 100,000-lb. screw-power testing machine, £he 
crushing tool being fitted with a spherical bearing. The specimens were cushioned top 
and bottom with two thicknesses of blotting-paper. 

In the tabulated results several minor inconsistencies appear. To maintain com- 
parable conditions throughout a series of concrete tests is a diflicult matter. Both 
permeability and strength tests are greatly affected by slight excesses or deficiencies in 
the amount of mixing water used. The required amount of water varies with the brand 
of cement and its degree of fineness, the fineness of the aggregate and other factors, 
hlnal determination of the proportion of water depends in some measure on the judg- 
ment of the ojjerator. Under 40-lb. per sq. in. water-pressure Portland cement concrete 
in proportions 1*2 : 3 : 6, or richer, and all projwtions of hydrated linie used give 
impervious concrete. Puzzolan ('ement in proportions i‘3 : 3 : 6, or richer,*gives nearly 
• impervious concrete. • 

At 80-lb. pressure several of the fibove described mixes are practically imix*rvious, 
and none of them give much leakage. 

High calcium lime is the only material giving entirely consistent results in decreas- 
ing permeability in proportion to the amount used. It is possible the richest proportions 
of magnesian lime and puzzolan cement were too dry for best results. (See tabulated 
pcrc'enlages of water in Table I.) Averaging all comparable proportions the relative’ 
strengths ^t 3 mo. age are as follows : 

Port'and cement. Calcium lime. Magnesian ime. Puzzo'an cement. 

100 per cent. 85 per cent. 76 per cent. Si per cent. 

The density tests show unexpected!}^ uniform results throughout the series. 
Hydrated lime alone yields about 2J times the volume of paste thait an equal weight of 
Portland cement does. A retx>rd of the volumes of ramm(=d concrete produced in the 
tests was kept as a check on the volume computed from the density tests. 

Compari.son of volumes as tabulated is based on the volume of the plain concrete as 
a unit. The lime does not have an appreciable effect in increasing the volume of 
concrete; neither does it increase the density. The result is an apparent paradox. 
Tests on the richest cement-lime p^^ste used in comparison with cement paste showed the 
cement-lime mixture gave an increase in volume of paste of 29 per cent, over plain 
cement paste. The density of this paste was 0*42. It was, therefore, very fX>rous and 
must have contained a large amount of free water. The density of the plain cement 
paste was o’52. 

Comparison of the relative volumes of solid particles in the two pastes resulting 
from equal weights of dry materials is made as follows : 

Volume of cement-lime paste equals 129 per cent, of cement paste. 

I •00x0*52 = 0*52 = relative total volume of solid particles in cement paste, 

1-29 X 0*42 = 0*54= relative total volume of solid particles in cement-lime paste. 

The reason for the failure of the lime to produce measurably denser concrete thus 
becomes evident. The low density resulting offsets the Increased volume over cement 
paste. Comparison of the density computations, not here given, showed that a smaller 
volume of air was entrained in the concrete where lime was used. The failure of the 
lime to give an increased total volume of concrete was due to the replacement of free 
water and entrained air in the plain concrete by the porous, water-filled, cement-lime 
paste. This paste simply occupied space which in the plain concrete was filled with 
water and air, and therefore no appreciable increase in gross volume respited. 

This latter result suggests that the use of this mixture of cement and lime should 
give superior water-resisting •concrete by filling the larger interstices betw^n the 
particles of aggregate with this paste. While this paste will not reduce the total 
percentage of voids in the mass, it will fill tHI comparatively large^sized pores-rtfirough 
which water can pass quite readily— with this fine-pored substance, thus offering much 
resistance to flow. i 

The permeability tests home given hear out this deduction to some Extent, perticularif 
in the tests at 40 lb. pressure. The practical advantage .docs not,, however, .apqpeaf; from 
these tests to be sufficient to merit much consideration. 

With cement-lime paste, the. maximum density any paste-Hled cavity- cai? tave is 
0*42 ; with cement pa8h$ it may be 9*52. ' ^ 



JAMES L. DAVIS. 




Tests by other experimenters, as well as other tests by the writer, have shown the 
density of cexlient paste to average about o‘6o for pastes of ordinary consistency. Using 
this value, the merits of this cement-lime paste compare less favourably than above. 

Based on prices in New York markets, plain Portland cement concrete costs 
slightly less per cubic yard for materials than any of the other mixes containing equal 
proportions of cementing materials. For equal efificiency in waterproofing at 40 lb. 
pressure the use of hydrated lime reduced the cost of materials about 5c. per cubic yard 
of concrete. 

Puzzolan cement was at a disadvantage in this comparison on account of the 
remoteness 6f the mill from New York and the consequent high freight charge. 

Conclusions. — (i) Hydrated lime is effective in producing impervious concrete, but 
its use is doubtful economy, except, possibly, for resisting low pressure of water. 
Concrete in proportions 1:3:6 requires the Edition of a proportion of lime equal to 
about 20 per cent, of the weight of the cement for efficiency against high pressure. 
This results in a slight loss in the compressive strength of the concrete as compared 
with the plain 1:3:6 mixture. 

(2) It is probable it is not an economical material for structures subjected to tensile 
stress, such as reinforced conduits. 

(3) Except possibly for low pressures, equally good results in impermeability can 

be obtained by the same cost invested in additional cement, with resulting stronger 
concrete. ^ 

(4) The addition of lime increases the plasticity and mould-filling properties of 
concrete, resulting in smoother surfaces against forms. Its use may give practical 
advariitages in filling around reinforcing steel and in other restricted spaces. 


TABLE I.— Permeability and Strengih Tests of Concrete, Effect of Hydrated Lime and PuzroLAN Cement 



Proportions 
by weight. 

Leakage 
in grams. 

Compara- 

Lb. 

Compara- 

Density. 

Water, 

Cost of 

Cement. 

Pres- 
sure, 
40 lb. 

Pres- 
sure, 
80 lb. 

tive 

strength, 
28 days. 

per 

sq. in., 

3 months. 

tive 

yie’d, 

Volume. 

per 

cent. 

material 

per 

cu. yd. 

Group A : Portland 
only 

MMl 


m 

745 

i »535 

1,180 

x,86o 

I’OOO 

0-857 

7*8 

1 

3*523 



Wm 

650 

1-035 

0-812 

8*4 

3*522 



■a 

930 

2*045 

0-788 

8*3 

3 -6 o8 




0 

910 

2,000 

1-069 

0-805 

8*5 

3*633 


BSBUil 

0 

18 

1,070 

i »930 

1-069 

0-700 

8-7 

3*769 

Group B : Portland 
and high calcium 

i*i 13:6 

0 

ao 

800 

y.615 

1-032 

0-816 

8-0 

3*563 

1*2 .*3:6 

0 

12 

680 

1,320 

1*038 

0-804 

8-7 

3*679 

lime 

1-3 : 3 : 6 

0 

0 

593 

1,330 

1-069 

0*793 

9*3 

3*704 

Group C : Portland 
and magnesian 

I-2 : 3 : 6 

0 

4 

475 

Mm 

1-038 

0-789 

9*2 

3*553 

1*2 .*3:6 

0 

0 

765 


1-069 

0*793 

0-789 

8-8 

3*617 

lime 

1*3 : 3 : 6 

0 

14 

760 

Mm 

1-069 

8-8 

3*794 

Group D : Puzzolan 

1:3:6 

3 

23 

600 

880 

1-006 

0-822 

7*6 

3*642 

only 

I'l .-3:6 

13 

25 

490 

580 

2,415 

1-0x7 

0-833 

8-0 

3*747 


x-2 : 3 : 6 

7 

43 

1,345 

1*030 

0-798 

0-784 

7*8 

3*841 


1-3 : 3 : 6 

0 

0 

620 

1,305 

x-028 

7*9 

3*974 


x*4 ; 3 : 6 

0 

6 

9x0 

1,505 

2-075 

0-8x7 

7*7 

3*949 


The fractional parts in cement column of Group A are excess Portland cement ; in Group B, calcium lime ; in Group C , 
magnesian lime ; and in Group D, excess puzao’an cement. 

Permeability specimens, cylinders 8-in. diameter, 6 in. in length. Tested at 40 lb. pressure per sq. in. for one hour, 
then at So ib. one hour without interniption. Three specimens in each average. 

Portland enneat ; tensUe strength, x : 3 Ottawa sand, aB days, 306 lb. per sq. in., sp. gr. 3*x6, Thru No. aoo-mesh 
— *“-*1 per* dealt. 

> 1 an cement ; teiudle strength, x : 3 quarts sand, aB days, X4B lb. upr sq. in., sp. gr. 2*90, Thru No. aoo-mesh 

fea m iijSdve iq^meas^ cylindeht 6-in; diameter, xa hi. in length, 28 day tests on one spedmen usually. 

I months tests, the avetgge of three spediaens inmU eases. Permeabi ity tests at aS days age. 

Is tew «iSctent than the cement-hydrated lime c(^- 

i.i i-.’.'ii e»e puiszolan cement is at ah economic disadvantace 

^ .jetAt'W CONORSTB. 

t0t9, was to ebnipare the hffect of clay in reducing permeability 
;«fie4Wi«tehit weights of extra oeinent. 



















IMPERMEABILITY TESTS ON CONCRETE. 


The clay used was a white, pure clay from Georgia, intended to represent high- 
grade material in colloidal properties. Approximate quotations of prices, delivered in 
New York, gave the cost as very nearly equal to that of Portland cement, weight for 
weight. The tests, therefore, afford a direct comparison of costs of the two processes 
ot waterproofing, assuming that the use of clay involves no extra cost in mixing the 
concrete. 

Plain concrete of two percentages of cement, lo per cent, and ii per cent., were 
selected as the basis of the tests, the total percentages of fine material in the dry mix, 
45 per cent., remaining constant. The percentages off day used were based on the 
weight of the sand and replaced the stated percentages directly by weight. The 
percentages of clay selected were 5, 7*5, and 10 per cent. For comparison, a series of 
specimens was made in which extra cement replaced the stated percentages of sand in 
the same manner as the clay ; also blanks or specimens containing no clay or extra 
• cement. 

The casings of neat cement in which the specimens were enclosed for testing were 
not as perfect as are usually secured, and permitted a small leakage between casing 
and specimen in a few instances. The water appeared at the edges of the specimens 
and could not be separated from that coming through the concrete. In tabulating the 
results these defective si>ecimens, as determined by the judgment of the observer, were 
omitted. 

Table 41 . shows, as in previous tests with clay, a marked decrease in permeability', 
over plain concrete, but as compared with the extra cement there is no practical 
advantage. Both processes give impervious concrete at 80 lb. pressure. It is of 
practical value to note that the concrete <ff ordinary sand and gravel containing 13*5 
per cent, cement was impervious at a pressure corresponding to 185 ft. head of water. 


TABLE II. — Permeability and Strength Tests of Concrete, Effect of Clay. 




Proportion by weight. 


! 

1 Clay, 

' per 
j cent. 

Leakage 
in grains. ! 

Compara- 

tive 

strength, 
lb. per 
sq. in. 

Density. 

Water, 

per 

cent. 


Cement. 

Clay. 

Sand.l 

Gravel. 

Pres- 
sure, 
40 lb. 

Pres- 
sure, 
80 lb. 

Group A . . 

I 

0 

3*50 

5-50 

i ^ 

6 

73 

770 

0-789 

9*3 


1 

ot 8 

3*32 

5-50 

5 

0 

3 

910 

0-782 

8-1 


z 

0'26 

3’24 

5-50 

1 7-5 

il 

9 

I,IZO 

0-768 

9-6 


I 

0-35 

3 - 1,5 

5-50 

! 

0 

0 

945 

0-770 

9-2 

Group B . . 

X.16 

' 0 

3-32 

5*50 i 

i 

0 

2 

T»X 30 

0-807 

7-9 - 


1-26 

0 

3*24 

5-50 j 

i 

1 

3 

zo 

1,290 

o-8oo 

8-3 


1-35 

0 

3-15 

5-50 1 

1 

0 

0 

1,265 

0-780 

9-2 

Group C . . 

IT 

0 

3-40 

5-50 

0 

37 

128 

Boo 


9-7 


IT 

OT 7 

3*23 

5-50 1 

5 

0 

0 

880 ' 

' 0-780 

9-3 


IT 

0*26 

3-14 

3-50 1 

7*5 

0 

0 

905 

1 0-772 

9-3 


IT 

f ”34 

3-06 

3-50 1 

10 

0 

Trace 

905 

0-777 

9-8 

Group D . . 

Hiuai 



5-50 


3 

zo 

1,290 

0-800 

8-3 





5-50 


0 

0 

1,265 

0-780 

9*2 





5-50 


Trace 

17 

x ,395 

0-791 

xo-4 


Saad, Cow Bay passing o*2-in. sieve : gravel, Cow Bay. between 1*75 and o*8-in. sieves. 

Portland cement ; tensile strength, i : 3 Ottawa sand, a8 days, 329 lb. per sq. in., sp. gr. 3*18, Thru No. aoo-mesh 
sieve, 76 per cent. 

White Georgia clay passing No. 30 sieve. 

Compare Group A with B, C with D, Groui» A and B based on 10 per cent Of cement. Groups C and D on xx per 
cent, of cement. Clay replaces stated percentages of sand based on the blank. Age at testing, 28 days. Duration of 
permeability test one tout at each pxeasurSI Leakage reported lor last zo min. Three specimens in each average usually 
Specimens cylinders 8 in. in diameter, 6 in. in length. Compressive specimens, cylinders 6 in. in diameter, X2 in. in length 
One specimen ih each test. ^ ^ 

There is a trivial discrepancy, 0*01 per cent., in the pereeittages of eiibess cem^t 
in two of the tests ki group D as,6(»npared with the percentages of day in the corre- 
sponding tests in group C. It will be observed these tdsts in group O were faratij^ 
down from group B? these Spedmens,. ooniainiag so nearly tho' r^t percenta^ts M’ 
cement that new tests were not required for comparfs^ with group C. ' 

OmafO'*— The clay slightly decreased the.dendty ih the |o cent, t^pMcre^. and 
slightly increased it in the ii per cent, concrete, Th^ eao^s i^ent ^3gl^y ipevtia^. ; 
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TAfflJS III. — pERMEAdiLiTir Tssts op Mortar, Effect of verv Fine Cement. 


Brand 

No. 

Leakage in grams. 

Fineness. 

Specific gravity! 

Normal 

pressure, 

40 lb. 

Cement 

pressure, 

80 lb. 

SUted 

pressure, 

40 lb. 

Cement 

pressure. 

80 lb. 

Sieve 

100. 

Number 

200. 

Normal. 

Sifted. 

I* 


mm 



96-5 

79*8 

2*i6 

3*13 

2 





93‘5 

74*6 

3*17 

3-13 

3 





97-6 

- 89*2 

3*o8 

3*05 

4 





94*7 

8 x *9 

3*i6 

3*H 

5 





92*3 

>8*9 

3*13 

3-12 

6 





91-3 

79*4 

.3*14 

3*11 

7 





95*4 

75*0 

3*J9 

3*17 

8 





95*3 

8i*o 

3*i8 

3*x6 

9 





gi'O 

73*0 

» 3-10 

3*09 


Proportions i : 4 by weight. Sand, Cow Bay graded so as to be permeable. 

Age, 28 days, Duration of test one hour. Leakage reported for last ro min. 

Specimeiis, 2>in. cubes cnc osed in neat cement casings. 

Five or six specimens in each average, exa'pt for brand No. y, in which three specimens were used. Tempt rature t 
water 63® to eS"* F. 


the density in both the 10 and ii per cent, concrete, with the exception of the 10 per 
cent, increase in the 10 per cent, concrete. The maximum increase with both the 
10 and II per cent, concrete was with 5 per cent, excess cement. 

S^reji^/ A. —Strength was tested only in^^identally, the material used for the density 
tests being utilised to produce a single 6x12 in. compression cylinder of each mix 
for testing at 28 days* age. The clay gives increased strength over the blanks, but a 
smaller increase in all cases than the corresponding excess of cement. 

^ It is noticeable that the clay gives better results in the leaner concrete. This seems 
to indicate that the clay acts simply in a manner similar to ordinary very fine aggre- 
gate, for it is well known that lean concretes are benefited in strength by the addition 
of fine material, such as loam and dust, while rich concretes are not. 

Note* on Cloy, — It should be remembered that these comparisons are based on the 
assumption that no extra cost in mixing the concrete is involved in the use of the clay, 
lliis assumption is undoubtedly in favour of the clay, as special applianix^s for intro- 
ducing it would be necessary. In these tests the clay, which was in a comparatively 
dry and lumpy condition, was pulverised and sifted to pass a No. 30 sim'c. Fifty-four 
per cent, passed the No. 100, and 15 per cent, the No. 200 sieve. Should it be found 
necessary to adopt this method in practice, the process would involve considerable 
expense. A less expensive method, if found practicable, would be to add the clav to the 
mixing water. 

Should it be found that common brick clay would .serve the purpose, this material 
could be obtained for about $3 per ton, or about three-eighths the cost of cement. 
This advantage would be partially offset by the mechanically combined water in the 
clay. Clay as taken from the bank ordinarily contains 20 to 40 per cent, of 


TABLE IV.— Permeability Tests of Concrete, Variation of Leakage with Pressure, 



Pressure and 
leakage. 


Ratio of leakages:. 


1 20. 

40. 

|«>. 

80. 

xoo. 40>ao. 

60-20, 

80-20. 

100-20. 

3 

6 

13 

23 1 

2*00 

4*33 

7*67 


5 


35 

47 

3*8 

7*00 

9*40 


19 


m \ 


2 ‘ 2 X 

3*78 

5*43 

7*07 

35 

2*0 

361 

80 

2*29 

4*00 

6*37 

g*02 

14 

27 

5i 

**fl 3 

3*64 

yn 

ni 

9*44 

*4 

82 

48 

80 

1*59 

2*30 


6 * 3 t 






IMPERMEABILITY TESTS ON CONCRETE. 
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iTiechanica.lly combined water. This amount can be greatly reduced by air drying, but 
clay is very hygroscopic and may absorb as much as lo per cent, of its weight of water 
from the atmosphere. 

Conclusions, — (i) Clay added to ordinary concrete gives beneficial results in 
permeability and strength, with no practical effect in density. 

(2) Compared with an equal excess of cement by weight, clay gives no advantage 
of practical importance in permeability or density, and results in a loss in strength. 

(3) I^oth processes give impermeable concrete under 80 lb. pressure. 

(4) If the use of clay is practicable on a working scale, its possible economic use 
under two methods is evident : 

(a) By mixing with the cement at the cement mill. The mixcxl material would 
have to be sold about 20 per cent, cheaper than ordinary cement. 

(b) By mixing in the field in localities where the cosit of cement is high and clay 
can be obtained very cheaply. 

Subsequently to the above tests another series was made in which blue New York 
brick clay was substituted for the white Georgia clay. Tne results confirm the 
earlier tests. 

EFFECT OF VERY FINE CEMENT. 

Tests on mortar specimens were made using cement in its normal condition, 
jjarallel tests being made using jxw-tions of the same samples of cement sifted through 
the No. 2^0 sieve. A single test was made using the residue on the sieve. Nine well 
known brands comprised the series. 

The marked decrease in permeability^ as shown by the accompanying Table 111 ., 
resulting from the sifted ewnent -shows that as in strength so in permeability the 
finer particles only are efficient. Extremely fine grinding may be of even more import- 
ance for its effect on imi>ermeability than on strength. 

ADDED CEMENT AS A FILLER. 

The writer designates such finely divided materials as hydrated lime, clay, puzzolan 
cement, sand cement and very fine sand, for wan-t of a more scientific name, as pore 
fillers. The preceding and oth-er tests not described here have demonstrated that such 
substances may be used to produce highJy impermeable concrete. The same result 
tan, however, be obtained by the use of an extra amount of Portland cement, at less 
cost usually than by any of the special materials, and in all cases with an increase in 
the strength of the concrete over the other materials. For impermeable construction 
concrete should contain not less than 45 per cent, of combined fine aggregate and 
cement. With ordinary aggregates 15 to 18 per cent, of the entire dry mixture should 
be cement unless the resisting walls are several feet in thickness. 

In all the preceding tests the smooth top and bottom surfaces of the sf)ecimens 
were chipped off. The surface formed against smooth forms is very highly effective 
against permeability if unbroken. Offsetting this important matter in practical work 
we have the usual necessity of depositing the concrete in successive layers with the 
possible attendant formation of planes of stratification parallel to the water pressure. 
Leakage in this direction, unless the concrete is of such a wet mixture and the con- 
struction so continuous a-s to prevent the formation of such planes, may be many times 
greater than that due to perpendicular pressure. In one test on i : 27 : 6*3 concrete 
ithe excess of leakage parallel to the bedding planes was 70 per cent. 

VARIATION OF LEAKAGE WITH PRESSURE. 

In this series the aggregates included quartz gravel, crushed limestone, gneiss 

and shale. . , . , . r 

The fine aggregates included both natjjral silicious sand and screenings from the 
coarse aggregates. In one set a half and a half mixture of natural sand and screen- 
ings was used. . . . « . i 

The series, therefore, represents a wide range in materials. Each of the «ix ^ 
consisted of three specimens. Nearlv every specimen was tested at ea^ of; w nve 
pressures. The specimens constituted the blanks from a series of pomegbility 

tests made at 40 and 80 lb. pressure in which certain chemicals wei-e investi^ted for 
their waterproofing properties. It is unnecessary to describe the senes 4 iere. 
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The present tests were made by subjecting the specimens to a second series of 
pressures of greater range than the original pressures. Following the first tests the 
s^cimens were allowed to drain about 2 hours. Pressure of 20 lb. was then applied 
and raised to 40, 60, 80 and 100 lb. at 30-min. intervals. The total leakage for th^ 
last 10 min. of each period is used in this study. ' 

Observations early in the tests showed that for this series fairly uniform rates of 
leakage were established within 30 min. after pressure was applied. 

The average results on each set of three specimens are given in Table IV., and 


averages for the entire series by 
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Lean concrete was used in order to insure 
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measurable rates of leakage throughout the 
series. 


M 40 60 M"" ’ 

^ ^ ^ c -j L. original tests on the same 

Pressure in Pounds per Square Inch • r ..l 

' ^ specimens. .Ihe average inicrease for the 

Variation of Leakage through Concrete eighteen SpecimtaiS was 20 per cent, at 40 lb. 

WITH Pressure. ,2 per cent, at 80 lb. pressure. This 

. . indicates that raising the pressure enlarges 

the water passages. It is probable that under continued action the rate of leakage 
would decrease in the usual manner. 


Variation of Leakage through Concrete 
with Pressure. 
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THE USE OF CONCRETE 


FOR ORNAMENTATION 


IN AMERICA. 


Thai concrete can be successfully applied for ornamental use in public parks, gardens, 
etc,, •will be seen from the subjoined particulars of some •works csrrled out for the 
municipality of Chicago, We are indebted to ** Concrete Cement Age,” U,S,A., for 
our illustrations and details, abstracted from an article He. Marc, N, CoodnoTV, -‘ED, 


In the laying- out of the g^rounds in the Chicago Parks, U.S.A., concrete played 
a very prominent part, and these parks form a very striking example of what 
can be done by the use of concrete in artistic buildings, ornamental ground 
pieces and flower receptacles. 



Sherman Park . — The en- 
trance to this park is marked 
by six heavy reinforced concrete 
pillars or gate-posts of orna- 
mental design. Just inside the 
gates is a pebble concrete arch 
bridge spanning a lagoon. The 
lop of the bridge, or guard 
rail, is capped with concrete 
slabs made in sections. Two 
such bridges are to be found in 
this park. 

Fuller Park . — This park 
has a very fine recreational 
building of three stories, with a 
fountain court and corridor or 
cloister of four sides in con- 
crete. There is also a very 
large swimming tank and bath- 
ing house. This swimming 
tank is lined with white terra- 
cotta. 

Washington Park.— 

Among the many 9 interestifig 
features in Washiogton Park 
are numetous urns, fountains, 
shA concrete was largely used 
in the construction and in -the 
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T^l|i i: 2 paits ot Jlmestcw ^d .grarfite was used. This 

yi^ 11^ two sections of a gelatine mould cast from the 

firmly together by rope. 
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The upper basin is of the same material. No terra-<!:otta- lining was used 
in constructing the bowl, but it was reinforced at I he top with* wire netting arid 
i-in. rods spaced lo in. apart. A i-in. finishing coat was Ihter 6n applied 



Inner Couit, Recreational House 
Fuller Park, Chicago. U.S.A. 



composed of 2 parts sand, 1 part cement and gallons of a watcrpro<^ng 
compound called IlydTolite to each barrel of cement, 

Wading pools and swimming tanks abound in these parks and are 

times surrounded with concrete benches. , 

Among other remarkable features of thcM parks woiild ttufthtioo a dop- 

•J«i' ■■ 
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Crete breakwater in Jackson Park. The entire body of the breakwater, which 
dso acts as an inlet to a chain of inner lakes, as well as the heavy, short 
pillars and double bar railing, are of reinforced concrete. In this park, also. 






Pebble Concrete Brid»ie. 


Sherman Park, Chicago, U.S A. 



Conoret# Recteetion BttiUinif. 
. ' BARK* CmcAoPt U.S.A. 






F qoi^, ,ni(iwrou9 fountains of running water cast in 
are a ft b in, in height and are reinforced about 
'"SMittounded at the .base by a wide platform of 


IN AMERICA, 


concrete pavement. The interior of the basin has been finished with a coating 
of cement, no terra-cotta being used to line these small fountains. 

The use of concrete has been found to be particularly advantageous in this 
park on account of the dampness about the heavy foliage where buildings are 
often erected. For this reason alone, the writer of the article states, the wide- 
spread use of the material is rapidly increasing, and as time goes on all the 
frame construction which rots away will be replaced by permanent concrete 
structures, upon which time and damp have no effect. 
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It is our intention to publish the Pspers jmd Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner Is to be easily available for reference purposes. 

The method toe are adopting, of dividing the subiecis into sections, is, toe believe, a 
neto departure,— ED, 


THE CONCRETE INSTITUTE. 

, ACTION OF ACIDS. OILS AND FATS UPON 

CONCRETE. 

By W. LAURENCE GADD. F.I.C., M.C.I. 

7 he following is an abstract of a paper read at a meeting of the Concrete Institute on 
December 12th, 1912. in connection with the paper the author gave numerous tables 
setting out the tests made by him, hut we only reproduce tables A 9 B, and F here, A 
discussion followed, of which a summary is also given, 

GENERALLY. 

Neither cement nor concrete will withstand the action of hydrochloric, nitric, and 
sulphuric acids. They decompose and dissolve the constituents of cement, even in 
dilute solution. Even a weak acid, like carbonic acid, has a distinct action upon 
cement, which, suspended in water, can be practically entirely carbonated by passinf^ 
a current of carbon dioxide into it. 

The action of organic acids, such as lactic and butyric acids, tannic acid, tartaric 
and citric acids, and acetic acid or stale beer, is not so marked; but it is very probable 
tnat the whole of the series of higher fatly acids will be detrimental to concrete. 

The tendency of organic acids to combine with carbonate of lime is much less 
than with hydrate of lime, and it follows that an acid which would be dangerous in 
contact with green concrete might be perfectly harmless in contact with old or in- 
durated concrete. Thus, stale beer has a distinctly detrimental action upon new work, 
but once the concrete has indurated by exposure to air for some time, the acid of 
sour beer has little action upon it. 

Fresh beer has, itself, a weakening action on green concrete; but the deteriora- 
tion in this case is due to the sugar and other organic constituents of the beer, and 
not to the action of beer acids. 

TABLE A. 



Tensile Strength (lbs, fer square inch,) 





Neat. 


Sand (3 

:i). 


3' Days. 7 Days. 

28 Days. 

7 Days. 

28 Days 

Kept in water .... 


765 

1,020 

960 

340 

425 

- ' 

€20 

yo 





747 

990 




sssss 

ssus 




')K«pt jiiibeer 


Plunge pat— 

‘Sound. 



626 

710 

810 

300 

360 



« 7 S 

7SO 




% 

6 ga 

7S0 

sass 





Ptui^ge pat— Failed. 
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1 he test pieces were gauged with water in the usual way, and after twenty-four hours 
in moist air were immexTsed in water and beer respectively until due for jbreaking. 

One of the commonest forms of acid action to which' building material is subjected 
is that of sulphuric acid, derived by oxidation from the sulphurous gases, present in 
the atmosphere of large towns. This is notic^ble on Portland stone, but appears to 
be less marked on concrete buildings, possibly for the reason that the surface pores 
of concrete become closed with a deposit of calcium sulphate, which affords protection 
from further action of the acid. 

Lactic acid is produced by the fermentation of milk, brought about by the micro- 
(’Tganism Bacterium lactis, and is a possible acid to come in contact with concrete 
structures in farm buildings. The action of this acid is confine to combination with 
calcium hydrate, forming calcium lactate (Ca (CaH^Oj), + 5Hj,0). This salt is soluble 
in water, and in wet situations would be readily leacKed out of compete in which it 
, was formed, so that the deleterious effect of lactic acid would consist in the gradual 
removal of the lime hydrate, which plays an important pail: in the induration of 
concrete. For practical purposes, it is probable that this action would be very small. 

The following tests show the effect of prolonged immersion in a solution of lactic 
acid, prepar'd by fermenting milk, and removing the curd : — 

TABLE B. 

Mortar 4 : i (ordinary building sand). 

Ttlil pieces i day in air, 27 days and 3 months in the whey and in water 


respectively. 

Tensh.k 

Strength. 

Crushing 

Strength. 


28 Davs. 

#3 Months. 

28 Days. 

3 Months. 

In whey 

430 

470 

4,700 

6,700 


440 

470 

4,000 

6,000 


435 

470 

4,800 

6,350. 

In water 


495 

4,600 

6,800 


410 

480 

4,750 

7,000 


405 

487 

4,675 

6,900 


This is, of course, a much more drastic test than would be at all likely to occur in 
practice, but the results do not disclose any marked deterioration caused by the 
lactic acid. 

Concrete vats would appear to he suitable for tanning of>erations, and the possible 
action of tannic acid becomes of importance. This acid, of which gallotannic acid 
(CnHioOii) niay be taken as a tyi)e, is again an organic acid which combines with 
calcium hydrate to form adcium tannate, but as the combining weight of tannic acid 
is high — sixteen parts by weight combining with only one part of calcium — the 
piobable action is not very serious. 

Various tests have be<m carried out in order to asc(?rtain the effect of gauging 
with a solution of tannic acid (two grammes per litre), and, for comparison, test 
pieces of the same cement were also made in the usual way, gauging with water 

only. , • * 

It w’as found that the test pieces gauged with tannic acid solution gave lower 
tensile and crushing strains, but the difference Ls not sufficient to mark any great 
deterioration. 

OILS AND FATS. 


Proposals have of late been made, particularly on the other side of the Atlantic, 
to incorporate a certain small amount of oil or fat with concrete, with the object of 
giving the same dustless, waterproof, andk other qualities. What we might almost 
call the natural instinct of the concrete worker has, however, alway^ led him to 
avoid oil or grease as far as possible,. and he has been right. , , . . 4 " 

Many oils and fats react chemically with the cement constituents, and in this class 
must be placed the jvhole of the oils and fats of animal or vegetable origin. 

The^ substances consist of the glycerides of various fatty acids, such as stearic, 


^ The’ glycerides of the fatty acids, which constitute the neural oils and fats ^ 
animal or vegetable origin, are readily decomposed, or saponified, by certem metab 



fHB CONCRETE INSTITUTE. 


aad tnetattiG salts, and by all alkalies, Including calcium hydrate, which we know is 
3 constant product in cement or concrete which has been gauged with water. The 
result of this saponification is the decomposition of the oil with the formation of a 
metallic or alkaline salt or soap, and the liberation of glycerin. 

Thus, tallow is saponified by calcium hydrate, according to the following 
equation : — 

2C3H.,(C,8HM0,)3+3Ca(0H),=2C»H,(0H)3+3Ca(C,8H350,), 

Tristearin (tallow) + calcium hydrate = glycerin + calcium stearate (lime soap). 

Calcium stearate is a whitish, friable material, insoluble im and immiscible with 
water; whilst the lime soaps of other fatty acids commonly occurring in oils and 
fats are slimy and sticky substances which, although water repellents, do not, so 
far as the author’s experiments show, render concrete less permeable to water, and 
decidedly reduce the tensile and crushing strength. 

By this process of ^ponification, which takes place rapidly under the influence of 
heat and more slowly in the cold, cement or concrete will certainly be injured by the 
admixture of any animal or vegetable oil or fat ; and if the concrete be green or new, 
tlwe is some liability of damage being done to it by mere contact, such as might 
occur from constant drippings of oil upon it. 

Caldum carbonate has not the power to saponify neutral oils or fats, so that oil 
in contact with indurated concrete, in which the calcium hydrate has been largely 
converted into carbonate, would have little deleterious action. 

Mineral oils and greases, which are hydrocarbons, are of a different constitution 
from that of the animal and vegetable oils, and are incapable of saponification. They 
have, therefore, no injurious action from this particular cause, although they weaken 
the strength of concrete for physical or mechanical reasons. 

This is experimentally confirmed by a series of tests on sand mortar 3:1, in 
which various oils and fats were incorporated to the extent of one-tenth of the weight 
of cement used. 

The oils and fats used were vaseline, cylinder oil, lard, cotton seed oil, and colza 
oil. 

The tests were for periods of seven days, one, three, six and twelve months. 

The results of the tests showed that the vegetable and saponifiable oils, cotton 
seed and colza, are absolutely destructive to concrete, and that the mineral oils, which 
are not saponifiable, reduce the strength very materially when mixed in small propor- 
tion with (the mortar. 

When testing samples of cement for tensile strength, the author observed that 
many operators use colza oil for the purpose of greasing the briquette moulds. The 
film of oil which remains, or should remain, on the moulds is, of course, very thin, 
but colza oil cannot be considered a suitable oil for the purpose, seeing that it has so 
great an action upon cement. Briquette moulds should be oiled with mineral oil, or 
a mixture of heavy mineral oil and paraffin. 

In order to test the waterproofing qualities of oil-mixed concrete, flat slabs of 
similar mixtures (to the above were made in a standard manner, and, after twenty-eight 
days, were submitted to percolation tests by subjecting them to a water pressure of 
50 lb. per sq. in., In such* manner' that the water forced through the slabs could be 
coliectM and measured. The following table sets forth the results obtained : — 


TABLE F. 

Slabs kept 38 days in water before testing. Size of slabs — 10 x 10 x 3 in. 
Area subjected to water pressure — 16 sq. in. 

Water. Percojlateo through the Slabs. 

. Oil added. Litres per Hour. 

None (cement only) (i) 47 . 

VaaAine «... |i) 1340*0 

^yii^er oil (i{ , 

, Slab broke 
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It is to ^ noted that these slabs were not intended to be made absolutely water- 
tight, the object being to obtain a comparison. Leighton Buzzard sand was therefore 
used, and the results show that under identical conditions sand mortar without any 
addition of oil was more watertight than with any of the oils or fats tried. The 
addition of lard, colza, and cotton-seed oils to the extent of less than 2*5 per cent, on 
the weight of the concrete prevented the slabs from setting properly even after twentv- 
eight days, and they were unable to withstand the water pressure placed upon them. 

In order to test the effect of oils upon concrete gauged with water in the usual 
way a number of briquettes were prepared, consisting of four parts of ordinary build- 
ing sand to one part of cement; and after twenty-four hours in moist air these were 
immersed in various oils for periods of one, three, six and twelve months, at which 
dates the tensile and crushing strengths were ascertained. 

A further series of similar test pieces was prepared, but in this case the briquettes 
, and cubes were allowed to mature in air for twenty-eight days before they were 
immersed in the oils. • 

These tests again bring out the destructive action of saponifiable vegetable oil, 
the test pieces immersed in cotton-seed oil being reduced to mud in less than three 
months ; and although the mineral oils and turpentine had much less marked effects, 
they nevertheless materially reduced the strength of the concrete immersed in them. 

The broken briquettes, which had been immersed in oils for twelve months, were 
freed fromi the sand, as far as possible, by sifting, and from adhering oil by repeated 
extractions with ether, and then submitted to chemical analysis. 

There were five samples. A, B, C, D, E. The first four had been one month 
in air and twelve months in oil. Sample E was only one day in air before immersion 
in oil. 

The results showed that concrete in contact with certain oils suffers chemical 
change by the combination of the liberated calcium hydrate with the fatty acids of the 
oil, as much as 32 per cent, of oil being combined in a period of twelve months, when 
green concrete is immersed in cotton-seed oil. 

This amount of oil in combination as calcium oleate and stearate is quite sufficient 
to account for the disintegration of the concrete. 

In parallel cases of briquettes immersed in cotton-seed oil after one month’s 
ir duration, and after one day only in air respectively, the action of Ihe oil was much 
less marked in the former than in the latter, due to the fact, as mentioned earlier in 
this paper, that fattv acids do not react with calcium carbonate. 

CONCLUSIONS. 

The conclusions drawn by the author from theoretical and experimental data 
are* : — 

1. That the addition of oil or fat, of any kind, to concrete results in a weakening 
of the strength. 

2. That animal and vegetable oils have a direct action on green concrete, and in 
time will bring about its destruction. 

3. That indurated concrete is less liable to be attacked by oils and fats. 

4. 'rhat oil-mixed concrete is not rendered more waten>roof. The least permeable 
concrete is, in the author’s opinion, a dense mortar in which the aggregate is properly 
graded to fill the voids. 

DISCUSSION. 

Tbt Prealdents One thing Mr. Gadd has proved is this, that the addition of any extraneous 
matter to Portland cement does not improve its strength. It is well known that where acids 
come into contact with concrete, then destruction is bound to take place sooner of later. In 
amplification of this paper Mr. Wells stated he Sad made some experiments six or seven years 
ago as to the action of creosote upon concrete. He was designing a tank to coatfeia creosote, 
and wanted to find out what the action of creosote would be upon concrete which had been 
kept under air for six inonths, three months ; five to one concrete, three to one sand, tests 
and neats ; and in every instance where it has been kept in creosote for I8 months thb strength 
was higher than when it was kept in water. In the case of neat cement, after s8 months the 
test for crushing amounted to 1,163 tens a sq. ft., and g*46 tons a sq. in. It had been l^t 
under normal eonditions— that is to say, anywhere ranging from 40 to 60 decrees Fahreahe^ 
and during the whole of the period in the neat cement tests the creosote had not permeaM ^ 

1*7 
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at all, and it had .only entered t<) about One>eigl^th of an inch, except where one sample was 
made with a, very soft and porous stone, where it went right through. IJut where the same 
tubs were th^n placed in a chamber where the creoSote was heated to zao degrees in less than 
14 days it went clean through the neat cement. 

Mr, D, B, BuUtr, ABMOc.MJaBt.CB,, P.C,S. (Member of Council C.I.) ; Only those who 
^ve had occasion to. undertake research of this kind can realise the immense amount of work 
involved in a paper as the one prepared by* Mr. Gadd. 

It is a little peculiar that the very first substance or liquid mentioned in the Paper is 
beer. As a rule the effect of beer on concrete is very indirect. But he would like to ask, 
referring to the be^f tests, as to what effect the beer had on the setting of the ceraeul. 
Mr. Gadd in most of his experiments only gives the average of two cubes or briquettes on each 
date, and in referring to Table B it will be seen there that the result at three months in whey, 
if only one briquette should. have been taken instead of two, the result in the one instance 
would have been 6,700, and in the water 6,800, practically the same; so it shows really the 
necessity in all these exi:^riments for taking a fair average ; two is hardly enough. 

With regard to the fbsts where the cement was gauged with tannic acid, comparative tests 
are given with tannic acid and water. In this experiment the test pieces in each case were 
mixed with a solution of tannic acid. That seems to be scarcely as practical as it would have 
been if the test pieces had been made with water in the ordinary way and immersed in a 
solution of tannic acid. Briquettes of concrete are not as a rule gauged with tannic acid, but 
sometimes, as shown, it is subjected to the liquids from tanning. 

He quite agreed with Mr. Gadd’s remark where he refers to what he calls- the natural 
instinct of concrete workers in avoiding oil or grease in any way. We know that in moulding 
briquettes and moulding test pieces we oil our moulds. Po we oil our moulds to make the 
cement stick to the moulds or otherwise? So it^seems a very fair answ'er to mixing oil of any 
kind with cement. 


Regarding the results of the test of the various vaselines and oils mixed with cement, it 
would be interesting to know how the author managed to mix vaseline and oil with the 
concrete in those small proportions and the method in which he did that. 

Referring to the colza oil tests, it is a little curious that the seven days* results show a 
small crushing strength ; the one month and three months* show no strength at all ; then they 
go on again, and in six months* and twelve months* they have gained some strength again. 

Regarding the percolation tests, some further particulars are needed. Some twenty-five 
years ago Mr, Faija in his forced percolaton of sea-water through concrete, used half-inch 
briquettes, composed of three to one sand, a brass clamp was fixed top and bottom of the 
briquette, to which was attached a screw nozzle to the pipe, and then same was attached to a 
water tank 15 ft. above, so that a 15 ft. head of water was obtained forcing through this 
briquette, and after a time it was found the percolation ceased entirely owing to the blocking 
up of the pores both with sea water and fresh water. 

Regarding the test pieces immersed in various oils compared with water. It is certainly 
rather drastic to immerse a briquette into absolute oil and turpentine. But it is curious that 
the tensile strenjgth of the cotton-seed oil is absolutely nil in each case, whereas the crushing 
strength varies from qoo lb. to 1,700 lb. at various dates. 

The same irregularity occurs in the tests where the cotton-seed oil at one month gives only 
an average of 62 lb. tensile, but an average of 2,675. crushing. As a rule, the ratio between 
tensile and crushing is some^vhere about ten to One^that is, the crushing is about ten times the 
tensile, and, curiously, in this case it is roughly only about a one-hundredth part. 

Regarding Table F, it would be interesting to jtnow if in addition to the analyses of the 
briquettes immersed in the various kinds of oil, showing the combined oil and combined water 
with'ftitiacts of the oils and sand, whether a briquette had also been analysed which had been 
immersed in water only showing the amount of oombined water in the briquette. 

With reference to sample "F* which was only kept in air one day before immersion for 
twelve months, whereas, to samples had been kept in air for one month, this seems a 
and it iwid be interesting to know why this was done. 

. pounoll C.I.) ; There is rather a curious co- 

The ertishtng strength of the cement at seven days 
akiost all the w^y through just double that strength. 

■ months ago, and it had very slight leakages 

usual experience with 
. 'V^er, dliht if doeej if . ji^ropetly made, become eventually 
Of oohrse, 11 is average concrete for that class of wwk. 
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But an interesting thing which the client did in that case was this : he threw oatmeal into the 
water, and whether it was the OvUmeal that gradually, with the very slight movement of water, 
actually hlled up the points of leakage, or whether it was due to the action of the cement 
is questionable. 

Mr, R, W. Vawdrey, B.A,, Aaaoc.MJaai.C.B. (Member of Council C.I.), asked the author to 
what extent he thought that the weakening of the concrete, either tension or compression, was 
due to the actual diminution of the size of the concrete. In some cases, at any rate, he 
assumed, where the action was very marked, as in the case of colza oil, on some of his 
briquettes, there was an actual diminution in the size of the block. Apart from that, how- 
ever, there must be a considerable proportion of the interior of the block or briquette that is 
quite unalFected. It would be rather interesting to know what area of the cube or briquette 
was actually afTected by the oil. In some cas(?s it need not be necessarily affected throughout 
its depth. 

Mr. Percival M, Praaer, A.RJ,B.A., M C.I., in asking whether any volatile oils had been 
under discussion in the paper, stated that petrol in reinforced concrete is so much to the fore 
in these days that a little experiment in connection with the two migfc' be quite interesting. 

V Mr. Frederick Hlng8ton{yi. Quantity Surveyors’ Association) thought Mr. Gadd’s paper 
most opportune, because at the present time there are in the market a number of patent 
preparations or compositions which if added to cement are supposed to make it waterproof. 
These patent preparations doubtless include fatty acids. It would be of value to know 
whether the lecturer considers the addition of those materials, that can be seen upon the pages 
ot all the professional journals^ is detrimental to cement and concrete. 

Mr. Q.*C. Workman, in his opening remarks, inquired whether there is any danger in 
mixing soap with the concrete, assuming that it has the beneficial effect of making it water- 
tight, as recently shown in the American Presai 

Referring to the whole trend of this paper, he was very pleased to see that it absolutely 
confirms what he has always held to be a rule for concrete engineers to work upon when dealing 
with any of these greases or acids — namely, that it seems, by various tests which have been 
made that mineral oils and greases which are hydro-carbons do not seem to affect the concrete, 
but animal and vegetable oils seem to affect it. He had always held it as a very broad rule 
that in dealing with concrete which has to contain any animal or vegetable oil; it is dangerous, 
if the concrete is to resist the effects of mineral oils cold — he had no knowledge about them 
hot. All the information he had been able to gather from tests and reports fjrom 
various sources on the subject, and all he had read, seemed to be borne out by Mr. Gadd’s 
experimients, which are certainly of great value, and which, no doubt, will be very useful 
to reinforced concrete specialists in particular, seeing that they are continually coming into 
contact now with the question of reservoirs and pipes which have to contain fats and acids j 
and, especially with regard to naphtha and various other mineral oils, he was inclined to think 
there was no danger in making the reinforced concrete reservoirs and pipes to restore this 
material, if cold. In spite of all the evidence on the isiubject, it is very strange to have to 
say that there seems still to be a certain amount of doubt. He had seen small reservoirs filled 
with crude oil, mineral oil, and had been told that that oil had been standing for three 
months without any detrimental effect to the reservoirs. M. Coignet, as a matter of fact, at 
his instigation, has filled pipes to a certain height with mineral oil in order to find if they 
leaked. After several months it was found that the oil is there, and they do not seem to have 
leaked. From information from Baku and various other sources where they seem to be using 
large reservoirs for the storage of naphtha, they seemed all right ; but still, if he were asked to 
take the resi>onsibility of it, ho did not think he would dare to do it, because there still seems 
to be a certain amount of doubt, 

Mr. Vawdrey asked at what age concrete was sufficiently indurated to resist the action of 
mineral oil. It appears it does not set after a certain age; at what age did the author consider 
the dangerous period is passed? 

The Pnaldent, with reference to the question of waterproofing compounds, had found in 
all cases after three months the crushing strength is gradually reduced. He had only gone 
on now for a period of three years ; but it is gqing down all the time. He was making some 
furtner experiments with waterproofing compounds guaranteed to increase the stiength. But 
there is no doubt about it they may temporarily do good and stop leakage, but in time they 
weaken the concrete so seriously that damage is likely to take placm 

• MR. LAURENCE GADD'S RE^LY. 

Mr. Qmdd: Mr. Butler says many of the test. results ate anomalies, and be drew attentJon 
to the fact that in all cases an average of not more than three is given, This was due to the 
fact that not sufficient time had been available for a larger number of test pieces. 
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It was not claimed for the paper that it was an exhaustive treatment of the subject; but, 
looking at it generally, even the two or three briquettes can be accepted as some indication — 
if not by any means final — of a line of investigation which it is hoped will be carried out by 
other members of the Institute.. 

As to the immersion in tannic acid, it might certainly have been better to have immersed 
water-gauged briquettes in tannic acid. But, as a matter of fact, the particular tests described 
in the paper were not made for the purposes of this paper, but were made with another object 
altogether. It would have been impossible during the time available for the preparation of 
this paper to have given tests of more than a month or two’s duration, so that some tests were 
used which had been made about eighteen months ago for a totally different purpose. 

Mr. Butler’s point about greasing moulds is an excellent one. He also raised one or two 
other questions. He wanted to know how the oil and grease were mixed with the cement or 
with the concrete. The amount of oil was very small ; it was one-tenth of the weight of the 
actual dry cement, and was mixed with the dry cement in the first instance. With the harder 
fats, like lard, the lard was slightly warm and the whole was mixed in the mortar with the 
dry cement; it was rubbdd into the cement before gauging at all. Then the sand was added 
and the whole mixed up, and finally it was gauged in water in the usual way. 

As to the method of making percolation tests, slabs of concrete 3 in. thick and 10 in. 
square are taken, and these slabs are put between rubber washers (indiarubber an inch thick), 
and they are squeezed down between two steel plates, those steel plates forming the fiange of 
a cup, more or less, in shape. The steel plate joins on to the rubber. There is one india- 
rubber washer, then the slab and one indiarubber washer below, and the whole is screwed 
down so as to make it tight at the joints. At the top of this cup there is an inlet through which 
the water is forced. The water pressure is got by means of a pump and an accumulator, so as 
to keep constant pressure on the slab. The other cup is simply perforated at the bottom where 
the water is collected. 

Regarding Mr. Alban S<’ott*s remarks about percolation of concrete, his experience had 
shown that after a tim^ even concrete which was iwrous closed up. As the concrete goes on 
indurating, setting, hydrating, the ix)res gradually close up, and there is no better way of 
making a concrete waterproof than to force water through it for an hour or two under very- 
high pressure. If it is then allowed to dry it becomes almost absolutely waterproof. 

Regarding Mr. Vawdrey’s remarks as to what extent a diminution in the size of the block 
was observed, it was found that the edges were wotii *, there were ,no sharp edges ; even those 
briquettes which stood a certain amount of strain on the outside were indeterminate in shape. 

Regarding the term “saponification,” it comes from the f.act of the decomposition of a 
neutral oil. In speaking of a neutral oil, it is to be quite understood that the ordinary oils as 
we know them arp not fatty acids ; they are compounds of the fatty acids, just in the same way 
as salt is a compound of hydrochloric acid. Tallow in combination with calcium hydrate 
largely consists of a dry stearine; it is a compound in which a jwrtion of the hydrogen of 
the fatty acid is replaced by glycerine radical, and the , process of saponification is merely 
to dissociate the glycerine radical again from the fatty acid. The glycerine is set free, or 
rather the glycerine radical which combines with the element of water ; glycerine as we know 
it and the fatty acid v^hich was formerly in combination with the glycerine radical goes into 
combinatiotl with the lime, with the calcium. The reason it is called sai)onification is because 
in these cases tlie metallic salts which are formed from these fatty acids are all soaps, hence 
the term “saponification,” or the production of a soap. 

As to Mr. Workman’s remarks about the waterproofing compounds which are being pushed 
pretty well on the market just now, the lecturer said he was not interested in waterproof 
oompoimds either one way or the other, but for his own information, he had examined, 
analysed, and ,tested in relation to their effect upqn tensile and crushing strength, and on 
v^aterprwfiog in particular, practically all the waterproofing compounds that are on the 
market He. would go so far as to say that they are practically all the same. 

The bull; o{ jthe^ compounds consists of. hydrate of lime with about 10 per cent, of -lime 
soap. :The; r^andn of, this'Js ^.is supposed to be calcium stearate, but owing -to the crude 

made ther only about 10 per cent, of calciuin siWafale, 
lime* Itlmny be agreed that they -may have some action in stopping up 

U>saTt 'Hmo hy'drate^ut,’ as' a matter 
la' defcrnueiil .mthef than -an 'assistance,- The lecturer 
which; renders concrete' more waterproof than 




NEW GENERAL POST OFF/CB, MILAN 


NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Undef this heading reliable informaiion nultl be presented of nem fuorfts in course of 
construction or completed, and the examples selected viill be from all parts of the world* 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which seroed as a basis 
for the design,-^ED. 


THE NEW GENERAL POST OFFICE IN MILAN. 

Although only oprnod seven yours ago, the General Post Office of Milan has been 
found quite inadequate fur its pur|)ose, especially since the taking over of the tele- 
phone service, and a new building Iwis been conslruct^Hl recently for the three deijart- 
ments of Posts, Telegraphs, and Telephones. This building incorporates a pfirt of the 
former Post Office, and also (xn’crs the site of two .churches and a number of offices 
and houses. 

'rhe walls and the vertical skeleton of the new building, with the exception of the 
ground floor columns, are constructed in brickwork set in hydraulic lime, whilst the 
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Process of Concreting a Floor. 

The New General Post Office, Milan, Italy. 



m Itikffi llpibilf Mttfflwot fiiohange 4iQciiig twnoval of oentgring, 
, OflMBluu* BOiT OfrtoK* MilAk, Italy. 
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floors, beams, terraces, etc., and the ground floor columns, are of reinforced concrete. 
The most important part of the building in this respect is the urban telephone 
exchange, a large hall 105 metres long and 14 metres broad. The roof of this hall is 
a hoilow floor, carried on arched beams, above which are the pilasters and architraves 
of the attic floor, also in reinforced concrete. The construction of this roof is seen in 
Fig, 3. In order to relieve the outer walls of thrust, two longitudinal girders of 
reinforced concrete are used to take^ the thrust, these again transmitting a purely 
vertical load to the walls. 

The work was carried out rapidly, as much as 60 cubic metres of concrete being 
put in place on a favourable day. Loading tests were carried out on each floor with 
one and a half times the prescribed load, the deflections observ<xl amounting to only 
xirVu the span, without permanent deformation. The reinforcemcMit is mainly on the 
Volpi system. The contractors were Galimberti Bros., and the constructional 
engineer Sr. G. Ferrini. 

Our illustrations slyjw (1) the entrance to the telephone offices; (2) the process 
of concreting a floor; (3) the underside of the roof of the urban telephone exchange 
during the removal of the centering ; and (4) the main entrance of the new building. 

In conclusion we would add that we obtained our particulars from an article in 
the ItalUin journ.91 II Monitorc Tecnico written by the engineer, Mons. Giovanni 
Pizzamiglio, of Milan, and we are indebted to the latter for our illustrations. 


BALLINGDON BRIDGE. SUFFOLK. 

The existing timber bridge over the River Stour between Ballingdon and SuSbury has 
recently been demolished and a new bridge constructed in reinforced concrete on the 
Hennebique system, to give the increased accommodation necessary for carrying the 
growing traffic of the district. 

The new bridge is about 112 ft. span between the concrete abutments which have 
been reconstructed, and is supported on four rows of four reinforct:^ piles abreast, 
making three spans of about 37 ft., the centre span being slightly larger than the end 
spans. The reinforced concrete piles are 16 in. by 16 in. in cross-section, the longest 
being 29 ft. and the shortest 17 ft. overall, and they were driven without any difficult)’. 

The width of the new bridge between the curbs of the roadway is 26 ft. with a 
5 ft, footpath on either side, making a total width betwetm parapets of 30 ft., th(‘ 
footpath being carried by cantilever brackets at intervals on the external main beams. 


The main beams of the bridge are all 10 in. wide, those in the centre bay Ixing 
1 ft. 9 in. below the decking level and in the end bays i ft. 6 in., the reinforcement in 
the inner beams of the end bays consisting of six main tension bars lif in. diameter 
and two bars li in. diameter in compression, the shear members being in. by i in. 

hinnn ini'jin K/vome ...X .... 



— . pile heads just >IHV- 111, 

8 in., c^e imm^iately above them. The decking is in. thick throughout, the* 
niain^ reinforcement consisting of ■J-an. diameter bars straight and curved alternately 
at 6.in. centres at the bottom, with i-ln. diameter bars straight at the top spaced 
every 9 in. The secondary beams are 12 in. deep, 6 in. wide, and are at 5-ft, centres, 
the rednforoement consisting of two bars i in. diameter with shear numibers out of 
ij-in, by A-in. hoop steel. 

*l'he parapet, which is in reinforced concrete throughout 4J in. thick, is similar to 
that ^ Rod Bridge recently constructed in the di.s*trict, and was east in 5-ft, lengths 
and afterw^ds fixed in situ, the coping being moulded on Seime afterwards. 

In order to keep the road open to light traffic, it should be mentioned that the 
bridge, vvajs constructed in two halves, a portion of the old bridge being left up until 

was open^ w^hen the bid portion of the bridge was 
' oonipleted, the roadway being finished off with 

if',' th-e footpaths in granolithic. 

' Tki*, in ^nd; the new Ijridge was tested on 

w<rv, 4 i^aotbry results, the maximum deflection observable under 
weighing 16 tons* and’ travelling two 
being slightly over one-stJtteenth of an inch. 

, Mr. Ainsworth Hunt, the County Surveyor for 

Messrs. L. G. Mouchel and Partners, Ltd., 




Cross Section through Roadway. 
Ballimgdom Bridge, Suffolk. 




General View. 

Ballingdon Bridge, Suffolk, 




In course of construction. 

Reinforced Concrete Water Tower, Scopwick, Lincolnshire. 


A sch^ie for supplying the parishes of Scx)pw5ck and Kirkby Green, with 
probable extensions to the pretty village of Blankney and Blankncy Hall, one of the 
country seals of Lord Londesborough, who has contributed one-half of the total co.st 
of the works under notice, comprises a oeep bore into the Linoolnshjre Oolite, 
pumping-station and pipe tracks, . 

With the exception of die wrought-iron access ladders, the water-tower is con- 
structed entirely in reinforced concrete on the Hennebique system, even including the 
pole projecting some ft. above the top of the cupola. - . \ . .j 

The elevated reservoir consists of a cylindrical chamber, 24 ft. in diameter inside 
by II ft. in. high from floor level to the underside of roof, and has a capacity of 
27,000 gallons. The outer ^dl of the reservoir is 5 in. thick, the bottom bdng of the 
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same thickness. The roof is 4 in. thick, and is provided with an ornamental, cornice 
about 2 ft. high, forming a parapet. . ooncrete tube of 2 ft. 6 in. diameter 

the l<i-o( the 05 «ilng '»''«XMhe‘^e“l!hl'rf » It Sround keel hy a ttwer «l 

The reseruoir is supported at the height ot 50 h. a 

‘‘^’^mlJSdngs'orihTcoS^^^^^ are "^ded on limestone rock occurring near the 



Complete Structoi^e. 
Rewfoiiced Cowcretb Water Tower, Scopwick, 


, Lincolnshire. 

mi.(nrwsiv«9.v ^ 

therewith* , ^ with the bottom framework of the 

At ifhtt liottfer ertd the columns are connected witn tne ooii ■ hrackets 

t peSfrcyiit., 


Ayvi'.i."’- ’.■ ii,._ ._ 2 fVelAr tn’l-nrn coats 6 f cement 


lil^f^ihe res^'dir.is rendered j In. thidk in two coats of cement 





CONCRETE BUlLDINGSr 

^ncl Medusa waterproofinjf compound, and when under test the construction <vas found 
to be perfectly vva^rtight. On the pole fixed at the top of the cupola is a spherical 
alance wei^t, which will act as a water-level indicator, being attached to a copi)er 
oat inside the rescin'oir, thus showing to the engineer at the’pumping station — situate 
^ valley of the Scopwick Beck — the depth of the water in tank. 

carried out under the personal supervision of Mr. 
\\. B. Marsden, the engineer and surveyor to the Sleaford Rural District Council. 

Ihe reinforcing steel was supplied by the Whitehead Iron and Steel Co., Ltd., of 
Trc'degar ; the aggregate for the concrete by the Groby Granite Co., Ltd. The pumping 
station and pipt^ tracks were constructed by Messrs. W. Pattinson, Contractors, 
Kuskington and London ; the machinery for the station was supplied by Messrs. R. 
Hornsby and Sons, Ltd., Grantham; and the water-tower was constructed by the 
l-ivc-rpoo'l F<-rro-Concrete Contracting Co., of Liverpool. 

ST. MARY'S PRESBYTERY, STOCKTON-ON-TEES. 

This building was erected (mtirely of concrete stone and pitched-faced blockers and 
plain quoins, and consists of three floors, the ground floor having a large dining-rcMim 



St. Mary's Presbytery, Stockton on-Teks. 


24 ft. by 14 ft., study, waiting-room, central hall, and a large kitchen with the usual 
offices; the first flow has two studies, with bedrooms, bathroom, etc.; the second 
floor has four large bedrooms. 

The roof is covered with green Westmorland slates, and, with the buff-colourcd 
concrete stone, forms a very pleasing effect. ^ 

The total cost of the building was ;£‘i,25o, and it was erected to the orjjler of the 
Rev. Father Tavlorson, of Stockton-op-Tecs. 

The school 'adjoining the presbytery was erected about five years ago, and was 
also built of concrete blocks, and a novel feature of this building is that the playground 


is on the roof. 


PAGODA AT WYNYARD PARK- 


This pagoda was erected in Wynyard Park for the Right Honourable the Marquis of 
Londonderry, and was constructed entirely of concrete stone, having bases, oo 4 umi^ 
with Corinthian capitals, cornice, etc., and in between the columns are rock-face 

tip 
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blocks, while the insl<le is panelled work with plain ashlar facings. The ceiling also 
is circular panelled, and is supported on concrete beams. The roof is marbled with 
w^hite marbled chippings. 

The floor, doors, etc., are all made of oak grown on the Wynyard Estate, The 





two ijtiUJ^ngs was suj^pUed by the Stocktoa Stone and 
neiir Stockton-on-Tees, and t^^ blockers, etc., were 
: block rpachine. 

- — gP^ designed erected under , the supervision of the estate 

fiy^son, pf Stockton-on-Tees, 
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NEW BOOKS 

AT HOME AND ABROAD. 

A short sammMiy of some of the leading books fuhich have appeared during the last fev) months* 


“Street PaTements and Pavini Materials.** 
By George W. TllUon, C.E. 

London : Chapman & Hall, Ltd. New York : John 
Wiley & Sons. Price 17s. net. GSlpp. + xvii. 

In his preface the author stales that an 
active participation in the con.struction of 
municipal public works, f>arlicularly of 
pavements, durinj^ the past twenty years 
has seemed to justify him in producing 
*this book in order to show the evolution 
of the modern city street. 

With this in view he has given the 
reader in a concise form a history of road 
construction, and has pre.sented in an 
interesting way the results of his own 
experience in the formation of rotids. 

The historic portion of the book may 
be useful as a reference, but will not be 
much consulted by the engineer. Chapter • 
IV., dealing with Brick^lays and the 
Manufacture of Paving Brick, will not 
interest the British engineer, who discon- 
tinued the use of paving bricks some 
years ago as they wore found to be un- 
suiUible for the requirements in our 
cities. Too much space has been given 
to the composition of the various rocks 
and asphaltes, while the chapters on 
“Cement, Cement Mortar, and Concrete” 
and “ Concrete Pavements ” are most 
useful and contain a great deal of valu- 
able information. It is impossible, how- 
ever, in two chapters to do justice to these 
subjects — ^the author has really attempted 
too much; we think he might well, for 
example, have omitted the discussion on 
“ The Effect of Salt Water on Cement 
Mortar,” as one would never dream of 
using this in connection with concrete for 
road-making purposes. If “ Harbour or 
Dock Construction ” had been the title of 
the book a discussion of the subject would 
have been appropriate. The definitions of 
“ lime ” and “ cement,” a description of 
early cements, and the consumption of 
cement in the United States might have 
been pijiitted and the space saved devoted 
to a “fuller description of the more prac- 
tical subjects, such as the “ Effect of 
Frost on Mortar ” and ” Hand versus 
M achine-mixed Concrete. ’ ’ 

Mr. Tillson, in dealing with the im- 
portant subject of concrete pavements, 
describes the American practice in this 
respect; this description would have been 


much more interesting had lie inserted a 
few cross-sections through concrete roads 
and an occasional photograph showing 
the various methods of construction ; his 
Standard Si>ecificatk>n.s for C<mient are 
those .adopted in 1909 by the American 
S(^iety foi* Testing Materials, and are 
slightly difffTont from the British Stan- 
dard Oment S]H‘cif cation. 

He quotes Uki much from trade circular.^ 
and specillcalions in dealing with concrete 
pavements, and does not go so fully into 
the merits of concrete as this material 
justifies, neither does he insert any illu.s- 
trations showing concrete roads in 
America. Surely those of New York 
City, Atchison (Kas.), Eldora (Iowa), 
Greenville (Illinois), California, and other 
places might h.ave been referred to. 

However, the b(K)k is a useful contri- 
bution on an important subject. It contains 
much valuable information put in a crisp 
manner and to the point, and is a most 
desirable book of reference for evory 
municipal enginecT’s office, and should be 
in the hands of every road-maker, be Ik* 
contractor or engineer. 

There is much that one has not be<Mi 
able to review, there being such a wealth 
of material in the book that has to be 
passf^d by. However, the reader is bound 
to come to the conclusion that the use of 
concrete in road construction has un- 
doubtedly tome to stay, and will become 
more and more general. 


** A T«zt«Bool& OB Koado mad PavoBioatB.*' 
By Prof. Froderlok P. Spaldlag. 


London; Chapman & Hall. Ltd. 
Wiley & Sons. Price 8/6 net. 


New York; John 
4d8pp. 


The aim of the author of this book is 
twofold — to discuss the principles involved 
in highway work, and to o^tline the more 
important systems of construction. 

He is wise in omitting numerous 
statistics, which are ncM: onl)^ uninterest- 
ing to the reader, but add to the .cost of 
jS-oduction of the book, and*he has very 
fittingly devoted considerable s^ce to the 
methods of construction of country roads, 
which in these days when rapid vehicles 
are using all our roads, wbetf^r rural or 
town, make the construction of the 
country road of as much importance as 
that of the town. 
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The book has been written so that it 
may he understood by those whose know- 
ledge of road construction is extremely 
limited, and it is easy to realise that the 
author is used to presenting knowledge in 
such a form that the engineering student 
may be able to follow him. 

While much that appears in the book 
is quite elementary to the road-maker — 
engineer or contractor— -there is every- 
thing to indicate that the author under- 
stands his text. 

The book is in its fourth edition, and 
should be obtained by all interested in 
modern road construction. 

The chapter on Concrete Pavements 
deals with roads constructed of concrete. 
The author here deals with such important 
points as the mixing and laying of the 
concrete, its consistency, the thickness of 
concrete necessary, placing of expansion 
joints, the finishing of the road surface, 
the quality and strength of the Portland 
cement u^, and many other important ^ 
points. The chapter is weak, however, 
in that there is not a single illustration to 
assist the reader. What the author has 
to say is put in a clear and readable form. 
Chapter 1 , on “ Road Economics and 
Management is an admirable one for 
the student, while that dealing with the 
“ Drainage of Roads and Streets,” and 
the chapters on ‘‘ Road ('onstruction,” 
while they represent American practice, 
are different from our English methods. 

The chapter on ‘‘ Bituminous Macadam 
Roads” is. very interesting and instiuc- 
tive. Brick pavements occupy a long 
chapter, but will not interest the British 
engineer. 

The book is an excellent one, written 
in a language which makes the subject 
perfectly dear, and by one who knows 
what he is talking about; the type is 
good, the few illustrations are clear, but 
in our opinion the book would have been 
more valuable had the author included 
many more illustrations, especially in 
those parts of the book which deal with 
modern types of construction, such as 
concrete pavements. 
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lar Issued by the French Ministry of 
Public Works — Draft Regulations bv 
the Ciwnmission — The Experimental 
Work of the Commission — ^The Re- 
port and Draft Regulations of the 
Experimental Work— Some Conclu- 
sions of the Commission — Notes Pre- 
sented by M. Considere — Appendix. 

The French Commission was appointed 
by the Minister of Public Works in 
December, 1900, and it consisted of a body 
of engineers who had excellent exf>erience 
in reinforced concrete work, and tlie re- 
ixjrts arc therefore of great interest and 
value, esf>ecially those dealing with ■ the 
<‘xperimen.tal work. 

The work extended over a period of six 
years, and is of a very complete character, 
the object being to obtain results imme- 
cHalely applicable to practice rather than 
the. solution of fine points in theory, 'rhe 
tests are pfirticularly useful, cis they in- 
clude ithe tests to destruction of several of 
the structures of the Paris Exhibition of 
1900, and there is very little cvidcinix* of 
exp(>rimenlal research in this counlrv, 
although (theoretical matter is becoming 
more or less plentiful. Stweral kicts WiTC 
established by the Commission as the re- 
sults of their experim<*nts, some of the 
points consid(Tecl being wntraction during 
setting and hardening, eilaslicity, ductility, 
the valu(‘ of si)iral reinforcement, sihear 
and torsion flexion ; ?ind the designer 
of reinforced concrete should find the de- 
cisions put forward both interesting and 
instructive. 

The notes presented by M. C\>nsidere 
are extremely intere.sling, as they refer to 
the methods of making the tests and 
observations that wen' made during 
same wkf) explanalor}' and instructive 
remarks. 

The theoretical i>orti<>ni of the volume 
is also good, and the diagrams through- 
out are clear and well drawn. 


Nlldlng CoBStruetloA (Advanced and 
Honoura Couraa)." ByChaa. P. Mitchell. 
M.8.A., etc. 


London ; B. T., Bateford, 94 High Holborn 940 pp. + 
viii, price 6/-. 


Contents , — Limes aaid Cements — Concrete 
— Asphalt — Plastering — Stones — 
Bricks — ^Tiles, Terra-cotta and Stone- 
ware — Iron and Steel — ^Timber — 

Paints and Varnishes — ^Glass — Foun- 
dations — Brickwork — Flues, Fire- 
places and Tall Chimneys — Masonry 
— C arpentry— Half-timbered Work- 
Pillars, Columns and Stanchicwis— 
Graphic Statics — Girders — Fire Re- 
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sisting Construction — Reinforced or 
Ferro-Concrete — Roofs and Roof 
Coverings — Joinery — Stairs and 
Handrails — Sanitation, Water Supply 
— Hot Water Apparatus and Ventila- 
tion^ — Electric Bells and Lighting — 
Exercises — Appendix and Examina- 
tion Papers. 

This- is the seventh edition of what is 
probably the most jwpular book on build- 
ing construction in this c'ountry, forming 
as it dcKHs the text-book in many technical 
schools where the subject is taught. It 
contains about eight 'hundred illusi:rationiS, 
•and covers practically the whole subject 
of construction in <'i manner designed to 
meet the requirements of students. 
Although an excellent book, we feel lh;it 
there aro some points which should be 
drawn to the notice of the author, as, for 
example, the diagram shown in the illus- 
tration No.»I 34, page 27S, where the (’hki- 
crete under an i8-in. wall is only figured 
3 ft. wide. This should bo the width of the 
footings, iind the concrete should b(' 4 -ft. 
Such an error is calculat<*d to cause th<‘ 
unwary student some trouble if the dia- 
gram should be drawn as shown, tx>m- 
mcncing with the concrete* and w<rklng 
upwards, when the wfill will work out to 
6 in. thick only. The method of finding 
the dqjth of concr(‘te under walls dc'serihed 
on page 2(10 and illustrated on i>age 261 is 
not good, as it gives an excess not r(*- 
quired. A better method is to let the 
line at 45° from the top of the hxdings 
intersect a vertical lin^i drawn from the* 
opposite extreme projection of the foot- 
ings. I'his method will give results more 
in accordance with those obtainetl by 
calculation. The grillage foundation illus- 
trated on page 267 is obsolete, and no 
distance pie(x\s, stiffeners or bolts are 
shown or mentioned. The chapter on fire- 
resisting construction might with great 
advantage be revised iind amplified to 
bring same more in accordance with 
modern methods, especially in view of the 


great importance of this class of work. 
The concrete and steel floor illustrated 
in Fig, 395, page 581, is quite unsatis- 
factory, the filling in joists being inade- 
quate for the spjin mentioned and the con- 
crete not btdng thick enough. The floi>r 
illustrated in Fig. 396 consists of ste<*l 
troughs carritHi by plate girckvs, and the 
author suggests that the space iindtn* tht* 
troughs can be utilised for pi|w*s or even 
ventikiting purposes, but evidently ov(t- 
looks the fact that to do this the webs of 
the ])lato girders would have to be cut 
iiw,'iy in such manner as to seriously 
weaken them. 'Phe chapter d(‘v<>ted to 
r<‘in forced concrete luis rightly been ex- 
tended, imd should be sufficient to give the 
student an idea of the use and value of 
this material. We are sorry to see, how- 
ever, that the }x>rtio(n dtwoted to concrete 
is not mort* complete. Machine mixing 
is simply mentioned as an idternativo to 
hand mixing, but no descrii)tion is given, 
and no diagram or illustration of any of 
the w<‘-ll-known mixers ap|H*ars, and this 
must lx* considen'd as a serious omission, 
as they are uscxl on j)ractically all inifK^r- 
lant work. The portions devotinl tt» 
graphic statics and calculations for ])illars 
and girdirs occ'upy a considerable spiicx* in 
the volume, but th<‘y are very vague in 
many instances, and we doubt the ability 
of many students to f<)lk>w tlx* auth<nr or 
pn>fit by the situdy of th-<*s<* chjipters suffi- 
ciently to justify the large Jtmount of time 
it would involve. If the author and his 
assistants would devote th(*ir attention to 
perfecting the work to comply with 
modern practice and delete many of th<‘ 
diagrams and much of the text which deal 
with more or less obsok^e methods, there* 
is no doubt that the effect would be the 
production of an almost pcirkct volume 
dealing with the vory large subject of 
building construction. These remarks 
arc merely given 4is the outcome of an 
honest criticism and a desire to assist the 
author. 
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ff^DUSTRlAL NOTES. 

These pages have been reserved for the preseniaHon of articles and notes on propptetarp 
tnaierlais or sterns of construction put fomard by firms interested in their application* With 
tne advent of methods of construction requiring considerable skill in design and supervision, 
many firms novtadays command the services of specialists whose views merit most careful 
attention* In these columns such views will often be presented in favour of different 
specialities* They must be read as ex parte statements— with which this foumal is in no way 
associated, either for or against— but we would commend them to our readers as arguments by 
parties who ate as a rule thoroughly conversant with the particular industry with which they 
are associated, -ED* 

SEPARATORS. 

, (System Von Grueber.) • 

Whenever it becomes necessary for users of crushing and grinding machinery to in- 
sider new installations or additions to existing arrangements, the question of an 
eflicient method of separation is one of several problems requiring careful coiiis-ideration. 

First, the system must be decided. Screen-type or air (pneumatic) ; secondly, 
which of the two tyi^es of design will best suit the particular material and circum- 
stances of the user. 

As most practical i>eople know from experience one type or design of separator 
will be the greatest success on one particular material; whereas, on the other hand, 
it will turn out an utter failure on a different. class of product. The present article 
deals with the separators of Messrs. C. von Grueber, 31-33 High Holborn, London, 
W.C., who are extensive manufacturers of the Screen and Air type separators (under 
several accepted designs). 

The Screen Type oi Seperetor * — 'This ffrm can offer a separator designed to 
have screens supported or carried by .springs or rods, and to which motion is imparted 
by tappets, cams, cranks or eccentrics. Cwtain materials require a combined sliding 
and shaking action, others merely a tapping motion ; while there arc materials upon 
which it is necessary to operate by a rocking screen sometimes combined with tappets. 

A feeding screw arranged within a specially designed case is always employed for 
equally distributing the material along the full width of the screen, and a simple device 
is utilised for regulating the flow along and down the screen. ^ 

ITie screens are carried in a strong steel cii-sing, provided with inspection doors 
for the feed screw and the screen meshing, while the whole front and back of the 
casing may be opened on hinges whenever it is necessary to remove the screen for 
cleaning purposes or to' renew the meshing, the situation of the separator deciding 
whether it is more convenient to use the front or hack opening. 

Any number of screens may be fixed in the casing according to the various samples 
desired, but usually the separator is provided with a guard screen in addition to the 
finishing screen. This arrangement relieves the liner screen from contact with a great 
proportion of the bulk passing through the machine which has no possible chance of 
passing through the meshing of the bottom screen. 

Of course, a certain amount of the J-in, and less product must be allowed to pass 
the guard screen to the finishing screen, for the purpose of “ scouring ** the finer 
meshing — that is, to keep the holes of the mes’hing free and unobstructed; but the 
additional effect is obtained of assisting the fine product through the fine meshing, 
thereby reducing to a niinimum the possibility of any finished product passing out with 
the tailings or residue. 

We think one, if not the leading feature, of the separator here under review is the 
« fact that the body or casing of the maclflne need never be altered in position once it is 
fixied, because the angu^rity, and consequently the fineness of the finished product, 
tmf fixing the position df the finishing screen from the 

To an attangehient will be self-evident, inasmuch as it does 

^ ts/fe the o the connection of the chutes leading to and from 

' it is impossible to obviate if the casing must be moved up 

change the fineness of the finished product. 
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It IS claimed that the screen separator is a g^eat advance upon the revolving, flat, 
or tirdinary .faking sieve or dressing machine, because with the former type a very 
coarse meshing is only necessary to obtain a relatively fine pfX)duct; for instance^ 
suppose a finished sample is required, 8o p^r cent, of which must pass the loo by loo 
test sieve (10,000 holes pt'r sq. in.), then it is only necessary to use meshing having 
about 34 by 34 holes per sq. in. 

Again, by using coarse meshing the wire from which it is woven is proportionately 
increased in diameter and strength, thereby ensuring increased life and less cost for 
the upkeep of the meshing. 

The coarse meshing also ensures an increased output of finished prcxiuct, froni 
the fact that the difficulty of the clogging of the mesh is largely removed. ^ 

The residue makes exit from the bottom edge of the machine through an opening! 
extending the full width of the screen and usually delivering to a store-bin over the 
grinding mill ; while the finished product gravitates down the bottom of the casing to 
* an •opening under which is fixed a conveyor for transporting the fine material to any 
desired point o<f delivery. 

ITsually the conveyor is a main line of transit to the stores or silos, but in special 
cases a short conveyor is combined with the separator and is driven from the shaft of 
the feeding screw. 

A pulley at the opposite end of the feed screw drives the machine and all the 
ojH?rating gear and mechanism. 

The sA-of'n separators are made in several sizes to correspond with a given output 
or capacity, iuid the horse-power required is } for the smallest machine up to 3 h.p. 
for the largest size. • 

In many cases — particularly where an exceedingly fine and “ floury ” product is 
required — it is impossible to use the “Screen” type of separator, and under these 
circumstances the “ Air ” or pneumatic type of separator must be requisitioned. 

“Air*' or Pneumatic Separators , — These machines are made in sizes ranging 
from 3 ft. 6 in. to 10 ft. diameter, and requiring from i to 6 h.p. for driving purposes 
according to size. 

In conclusion, we may be allowed to point out that Messrs. C. von Grueber are 
sole manufacturers in Europe of the well-known “ Maxecon ” ring and roll grinding 
mill ; and, in addition, the firm also make and supply all typos of crushers, elevators, 
conveyors, automatic feeders, dust collectors, rotary screens, etc. 

They also undertake Ip act as engineers for the re-construction of existing or the 
supply of new sulphuric acid plants, designed upon the latest and up-to-<late Con- 
tinental systems. 

The Maxecon mills, intended for us€i in Great Britain and Ireland and the 
Colonies, are manufactured in England from the best English materials. 
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MlemcnndM and Items are presented under this heading, with occasional editorial 
*GommenU Authentic news will be welcome»-^ED» 



Repairing Sk Paulas,— The work of repairing the cracks in St. Paul’s Cathedral 
has been commenced. The method employed will be cement grouting. A thin liquid 
of cement is forced into the cracks by means of a special machine, worked by com- 
pressed air and so forming a solid w'eld between the two sides of the crack. This 
process proved very successful in the repairing of Winchester Cathedral. « 

Relniorced Concrete in the Protection against Host He Aircraft at the New 
Navai Magas ines, Portsmouth, — The nev4 naval magazines for the storage of high 
explosives at Portsmouth are being most effectively protected against hostile aircraft. 
They are situated at Bedenham and consist of a number of sunken reinforced ooncrete 
chambers completely covered so as to keep their identity hidden from above. 

A reinforced concrete pier is also being built for the use of small cTaft only, and 
a network of rails will enable the explosives to be conveyed direct to the magazines. 

Purification of Water Supply, Aberdeen, — In connection with the purification 
of the city’s watw supply the Water Committee recently decided -that the reservoir of 
Mannofield and Cattofield be covered with reinforced concrete. 


Improvements at Havre§ France, — In connection with the harbour improvements 
at Havre It is reported in The Times Engineering Supplem-ont, that the existing 
southeni jetty is to be greatly extended. This extension is to be in two parts, one 
comprises a section of 1,445 1 ^*^^ constituted by a number of reinforced concrete 

caissons measuring 25 m. in length, 6 m. in width, and 575 m. in height, and the 
other 1,700 m. long formed with similar caissons in length and width, but 6 m. high. 

Reinforced Concrete for Coal Tips,— In order to meet the growing demand for 
shiprmmt and to avoid the necessity for dock extension at present, the Barry 
Railway Co. have decided to erect five new coal tips on the south-western side of No. 1 
OfQck. Ihe supports to these tips are to be in reinforced concrete. In the older tips 
wooden supports were used, but it has been considered that, owing to the reduced cost 
in maintenance, reinforced concrete would prove more suitable. 

Merrion Pier Scheme, Pembroke8hire.-Mter careful consideration and dis- 
cussion, and upon the advice of their engineer, the Committee appointed for the 
Mellon and Baths scheme recommended the Pembroke Urban District Council 
that It would be desirable to have the entire pier constructed from end to end in 
reinforced concrete, subject to the sanction of the Local Government Board, it 
w^ rect^mend^ that the tender for this work be accepted, as also the tender for 
substituting reinforced concrete for repairs to the existing pier. 

fet Whrkiag^flass Housing,— In a paper read bv Mr B 
^IVyand at the joint meeting of Western and South-Western Districts of the IrijstituVinn 

consideration. proposed 
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, Tabiea of Rela forced Concrete. — It is reported in the Tonindustrie Zeitung that 
a manufacturing firm had recently made an experiment in using reintooed concrete 
, workshop tables in place of cast iron ones. These tables have proved more economical 
to make, and they ca i be made very much quicker than the iron ones. 

; The latter cost about 420 marks to make, and delivery could only be made at 
between three and four weeks when single orders were placed. On the other hand, 
tic reinforced concrete tables can be made at a cost of about 180 marks, artd three 
tables can be turned out in a week ready for use. 

The top of the table is reinforced with an angle iron framework, and the ten legs, 
which each table has, are also reinforced and joined to the table top by T-irons. The 
tensile stress is taken up by six 16 mm. round iron bars which are joined to the 
framework. In order to protect the edges of the table a narrow angle iron, 30 mm. 
by 45 mm., has been put round same. 

. The cement mixture consists of Portland cement and unsifted, but not too coarse, 
gravel in the proportions of i : 4, and the top surface of the table consis-ts of one of 
Portland cement and two of sand. 

Before setting, granite and fine basalt are beaten into the top, which is then 
covered with neat cement. After propcT hardening the table top is smoothly and 
evenly rubbed down. 

The tables stood a test weight of 5 tons without being damaged in any way, an.d 
even heavier pieces of work did not harm them. 

The Society of Engineers^ Status Prize. — The Council of the ScxViety of 
Engineers (Incorporated) may award in *913 a premium of books or instruments to 
the value of ;^io los., for an approved essay on “ A scheme for the registration of 
EngiiK'ers, including particulars concerning the registration of Engineers in British 
Colonies and foreign countries. ” The Council reserve the right to withhold the premium 
if the <*ssays received are not of a sufficient standard of merit. The competition is open 
to all, but, before entering, application for detailed particulars should be made to the 
Secretary, 17, Victoria Street, Westminster. The last date for receiving essays is 
.May 31st, 1913. 

Concrete Rockwork at the Zoological Gardens. — ' The improvements at the 
Zoological Gardens, which arc the outcome of a gift to the Zoological Society by 
Mr. J. Newton Mappin, head of the firm of Messrs. Mappin and Webb, are to comprise 
a number of UTraces and rockwork, which latter is to be constructed of steel and 
rcncrete, and we hope in a future issue to give some further details of this work. 

Large Reinforced Concrete Cotton Warehouses In U.S.A. — The Galveston 
Cotton Compress and M'arehouse Co. are about to erect a reinforced concrete cotton 
press and warehouses to cover an area of nine acres at a cost of approximately 
;£82 ,ooo. Some of the work is to be completed by July ist next. 

Locomotive Coaling Station. — A locomotive coaling station of reinforced concrete 
of 2,(K)o tons capacity, spanning seven tracks, has recently been completed at the 
Green Street yard of ihe Philadelphia and Reading Railway, at Philadelphia, in 
connection with track elevation work in and about the city. 

The building is supported on seven rows of five columns each, and one end walk 
transversely, the rows of columns being placed parallel to outer lines of tracks. The 
floor of the pockets is of sufficient height above the top of rail to permit the largest 
engines to take on coal and dump ashes. The framework of the building is of 
structural steel and the walls, partitions, and floors of coal pockets are of reinforced 
concrete. The building is divided into twelve pockets equipped with two coal chutes 
each, and machinery for handling 100 tons of coal per hour. The ash handling 
machinery has a capacity of 250 yds. per tea-hour day. 

Coal is dumped from cars into a hopper located below the track at the jvest end of 
the building, from which it is elevated and distributed to the pockets by machinery 
installed by the Link Belt Co., tlie contractor for the statk>n.-rRai 7 way Engineerings 
San Francisco JStatlon.--~llM. Consul-General at San Francisco r^orts to the 
Board of Trade that,* according to the local Press, the Southern Pacific j^liway Oq. * 
propose to spend nearly 1,000,000 dols. (about ;£ao5,5oo) on a new termini sl^tioA at 
.San Francisco. The new station will be two storeys high and built- of Winfdrced 
concrete with a tiled roof . — Contract Journal. 
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. ^ Work.— Concrete slabs and brick are ; 

, ^ high-grade jwrcela^. 

now being product ® t of the process corfirfsts m grinding tte 

showing an equally fine P°*^' - cement. The mixture, one cement to as high 

urrSi. - 

thick. The pressure is applied in twr After each stroke the pressure 

pressure plate is removed to ^atfureJSes to the same fineness as the 

fs“ncreaLl. The object of always takes place where 

cement is to prevent forming an areh ’j Then, again, if the pressure 

high pressure and coarse streng* of the aggregates, the aggregates 

applied to the concrete leaving powdered contact points which _ 

«1 grind at the intact ,>otntJ^tl^ Sly ove^<^« by using a fine powdered 
weaken the concrete. This aetm is en J , rvYnrssp atfdreiiates are inconsistent 
aggregate. It will be seen bigh ^ ^l,gre the mould produces 

for fine ivork. Coarse ’pressure applied is below the crushing strength 

.nr?,cSf”?z 

sound work.— Cetnent. bi-om —The .\berthaw Construction Co., Boston, 

Specl/lcatloa tor ^ ^ ^ hard finish 

Li been removed. This is to be thoroughly mixed m admixing ^ "consistency ; 

mixer, with an amount of to Pr^ ^t^jha Snish or the under-concrete has had 

spread on the under-concrete ®'*b®t ’ ^ hghtly trowelled with 

time to set, fluted with a w<^en ^ ® ‘tu® ^ ^vel and to smooth the top 

a steel trowel as soon as t° “f " . l,„ j- ^ih not be dead smooth or slick 

dightly. This will give a finish which is pebbly. It will not ot u 

like a sand finish. fi-<iwolkd and has set suflficienlly so that the covering; 

After the finish has f. , . covered with sawdust, sjind, cloths, or any 

will not mar the ^rface, it shou d ^ continuously. In buildinj* reinforced 

other material which will hold ^ sawdust blowing about the 

concrete work, difficulty will 1^ cau^ SttkigTn the w^J. In working around a 
work, filling the forms, and gener^ly ^tung m i j 

textile mill there is usually iflenty of J>agg'"g- of ^eventing this, 

plenty of old fells which can J to^at'^e^ta we^ or better for ten days. 

At pJsiS?!=T». ^ »»*■ ;"•* *! 

,h« ^ <7™cre» iA ptaiog ™y Y 

*Jert<«l« rapidly 

tf timbering in wtries. we^^ing Pas-de-Calais district, 

be necessary. This has teen ttone by the Bethun^^Jine^^^^ 

France, by '^fg mfiure requires fifteen days to set. The rein- 

tefier Ash, oetne^ and mUced V in. apart, and further strengthened 

foroemdiM S^w^ ’^ln.^)art. Not only does this method redu^ 

■ ■ 1 by •* ^«unnt« intemiution 5n hoisting, due to fails of roof; 

whou sottiv. - A paper read by W. a 
So®5®ty interesting and 
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important data on the temperature of concrete during setting. Tests were made 
during work on Des Moines river concrete bridge. The observations w^e'“made in 
various' parts of piers and abutments composed of i : 3 : 6 concreite, with thermometers 
placed in pipes set in concrete. The points where readings were taken were from 
3 to 10 ft. from surface and face of concrete. The temperatures recorded show an 
increase of 15 degrees to 20 degrees Fahr. above tem-i^erature at time of pouring, in 
the concrete mass during setting, the maximum being reached in seven to ten days 
after pouring. Then the temperature falls, the rate dejxaiding on outside temperature. 
This risk in temperature was shown to be substantially the same, regardless of outside 
temperature, some of the tests being made in freezing weather and others during 
summer . — The Concrete Age. 

DUadvMtttageM of a Hardwood Floor over Concrete. — In speaking of the 
disadvantages of a hardwood floor over concrete, I^eonard C. Wason, president of the 
•Aborthaw Construction Co., Boston, remarked that besides the cost there is the added 
dead-weight of the screeds, cinder fill, under floor, and upper fldbr. Dead- weight adds 
to the cost of the suj>porting construction of the^ foundations and adds other cost 
besides that of the floor itself. 

Tar and Cement Pavements in Exjx^riments have been made in 

Bremen and elsewhere with a street pavement composed principally of tar and cement, 
and which is called “ lerbacca.” 

A lest •section at the Oldenburg freight station shows, after two years of heavv 
traffic, but little surface wear and no cracks, although laid on filled ground. 

The tar-cement iwivement is laid on ab^^dof 5 in. to 6 in. of concrete, or over broken 
stones slicked with cement mortar, say about 2 in. or 3 in. for ordinary streets, f in. 
to li in. for foot pavements, and in. to 2 in. for courts. The mixture is m^e up 
of ninety volumes of hard, broken stone of three different sizes, ten of gravel and sand, 
and forty to sixty of Portland cement, mixed dry, then 10 per cent, of water is added, 
and at least five parts of coal tar, thinned down with a solvent. The tar-cement 
mixture is laid on much more quickly than reqiiircd finally, and tamped down with 
a 6-lb. rammer to the required thickness. Where grades are unusually steep more 
cement is us(*d than on levels. 

To prevent the formation of (Tacks, it is sufficient in ordinary climates to leave 
openings of f in. every 40 ft., filling these with asphalt. 

In Gothenburg, Sw<^en, and on the Kaiser.strasse in Hagen, Wesphalia, this 
fjavement has done well; and in the latter city the tar-cement covering is only 7 cm. 
(1*78 in.) thick, but a we<'k after its laying it is run over by a steam roller without 
showing any signs of ill-usage. Here the grade is i’6o. 

In the matter of impeTmeability, after subjecting plates i cm. to 2 cm. (o’ 3Q4 in. 
to 0788 in.) thick to water columns in glass pipes 2 m. to 2J m. (5’56 ft. to 8*2 ft.) 
long for six weeks, the under sides of the plates were not wet . — The Contract Record. 

A Concrete Scow. — \ reinforced concrete scow for towing purposes on the lake 
has been built in Michigan City, Ind., says the Concrete Age. The craft will have a 
carrying capacity of 25 tons, and will be 14 ft. by 40 ft. by 3 ft. 6 in. The walls will 
be 3 in. and strongly reinforced. Only the deck plankings and fenders will be of wood. 
The life of a concrete scow will be much longer than that of a wooden one,, and the 
concrete will stand a greater shock than a 6-in. timber. 

Concrete Floors tor Foundries.— h number of experiments have recently been 
made which show that if iron borings are used in place of a -portion of the gravel 
mix-ed in concrete, floors of this material can be successfully in certain portions 
of foundries. Many foundrymen are interested in the uee of concrete floors, but have 
geniCrally found them unsatisfactory because molten iron will not lie on concrete on 
account of its porous, and, therefore, gener-dlly moisit condition. The mi^^ture recom- 
mended consists of one part cement, three parts .<iand, four parts gravel, and one 
part of iron borings. It is stated, that floors made from this mixture are perfectly safe, 

A Reinforced Conc^te Office and Factory BulUiny*-^kn interesting example 
id the adaptability of reinforced concrete, for an office and factory building, is that 
afforded by the recently erected structure of the Gillette Safety Razor Co; of Canada, 
Ltd,, Montreal, P.Q. t . . - . ^ 

The structure contains about 50,000 sq. ft. of floor surface, its outline being 
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irregular. The longer sides are 122 ft. and 105 ft., while the building is five stories 
high with basement. 

The suitability of reinforced concrete to architectural treatment is here well 
illustrated. On all exterior concrete above the belt course, a smooth surface was 
obtained by rubbing with carborundum blocks, while below this point the concrete 
was bush-hammered. 

The flat slab or girderless floor system of construction, was used in this building, 
thereby eliminating beams, which tend <to cut down the headroom, obstruct the light, 
and gather dust and prevent the satisfactory operation of automatic sprinklers, with 
which this building is entirely equipped. The column spacing is 20 ft. by 16 ft. 10 in. 

The reinforced concrete floor slab for the first floor is qi in., but the other floors 
are 8^ in. thick. The finished floor in each case is a i-in. maple top on 3 in. by 4 in. 
screeds, 16 in. on centres, embedded in 3 in. of cinder fill. The height of stories is 
II ft. 6 in. from floor to floor. 

This building was designed by Lockwood Greone and C?b., Boston, Mass., and 
the general contractors were the Atlas Construction Co., of Montreal. 

Recent Reinforced Concrete Workn in Aiexandrin.^O\xr attention has been 
called to the fact that the reinforced concrete pontoons illustrated in the above article 
in our January issue, pp. 25 and 26, were according to Hennebique designs. 

Reinforced Concrete Fence Pasta. — In further reference to the remarks in our 
January ftsue regarding the use of concrete at the Doncaster Agricultural Show, we 
give herewith an illustration of some fence posts erected at that exhibition by the 
Reinforced Concrete Fence Posts Co., I^ld. This company is now erecting fences or 
supplying the materials for their erectkm to .seven of the principal railways of England, 
Metropolitan Water Board, Port of London Authority, and many private estates. 
There is often a great deal of prejudice to overcome in the introduction of a new 



Reinforced Concrete Fence Posts at the Doncaster Agricultural Show. 


material, but the advantages of these posts as compated with wooden ones have been 
dealt with by us in former issues, and their alrnost univ^al adoption ^ms to be 
only a matter of time. Reinfiyc^ concr^e will neiti|or rot nor burn ; in fact, the 
posts are benefited by wet or' sodden ground, as the moisture assists in the ch^ipic^ 
action which takes place in the hardening of the Portland cement. C^nent wi^ 
adequate reinforcement and specially graded aggregates, all carefully manipulated, 
insures a monolithic casting of the greatest strength. The comply are also manu- 
facturers of railway gradient posts, mile posts, and concrete lettering, etc* 
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TRADE NOTICES. 

River Treat Protectioa Worke—Relatorced Concrete Construction,— The City 
Corporation of Nottingham has accepted the tender of Messrs. Gibbons and Turner, 
of Nottingham (licens^ contractors for the “ Piketty ** system of rcinforce^l concrete), 
for the execution of the above, in accordance with the plans of Mr. .\rihur Brown, 
M.I.C.E., City Engineer. 

The whole of the work is to be carried out on the “ Piketty ’* system of reinforced 
concrete construction, which has been selected in competition. Full particulars of 
this method can be obtained from Messrs, Piketty, 14-18 Blooms'burv Street, W.C. 

£N1:)UXR1ES. 

I would be much obliged if you would kindly advise me through your valuable 
paper as to how to remedy and repair concrete girders, beams, and columns which 
have been cracked by electrolytic corrosion, just as per the very interesting article and 
photos by Mr. Cecil rf. Desch, D.Sc., Ph.D., in your journal of No\ ember, 19U, 
Vol. 6 , No. 11. (Signed) Angio-Indmn. 

To the Editor, Concreie and Consiruclional Engineering, 

Reply. 

All damaged concrete should be cut out, exposing the reinforcing rods, which 
should then be scraped clean. It is assumed that the damage has not gone;, so far as 
to eat away the metal to any appreciable depth. In making good the Concrete, a 
rich cement mixture should be used, the aggregate being broken small enough to pass 
a }-in. mesh and mixed with sand in the fcfest proporttons to gi\e a dense com rote. 
The denser the concrete the better. Of course, the usual precautions must be taken 
in joining the new with the old work. 
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The Dome of the Melbourne Public Library. 
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Apart from steel-constructed domes, this dome is only surpassed in 
spaq by that of the Pantheon, which is 142 ft., and of St Peter’s, 
Rome, which is 137 ft The Melbourne dome illustrated above 
covers an octi^on, and the span between opposing inside faces of 
tension band is 124 ft 6 in., St. Sophia at Constantinople being 
ICS ft, and St Paul’s 102 ft The Melbourne dome is, however, 
die IffiFietft Rein^i^ dome, and was carried out to the 
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WicpithfiMhiHr, W Cktnsalhng Engineers for this part 

SyMmo Reiiuorcemeqt The top of 
tovel of the 'reading-room floor. 

STEEL CO„ Ltd. 

S.W. 


CDNCRETL 

AND 

OONSreOCTK^L £l<«HNEEfiING 

Volume VIII. No. 3. LONDON, March, 1913. 

EDITO RIAL NOTES. 

CONCRETE ROADS. 

Although concrete is gaining a firmer foothold in this qpuntry and its use 
is becoming more general for all manner of buildings, it seems extraordinary 
that, comparatively speaking, so little study has" up to the present been given 
to the question of its employment on our roads. 

The use of heavy motor traffic is on the increase and is causing consider- 
able anxiety to those who have charge of the maintenance and building of our 
roads and highways; and although many experiments have been made to 
discover the most suitable material fron\ the point of view of economy in con- 
struction and maintenance, a final solution has so far not yet been arrived at. 

In our present issue we publish an article by Mr. E. R. Matthews, Borough 
Surveyor of Bridlington, on Concrete Roads and Footways,'^ which goes to 
bear out in some measure the experience acquired in the United States. In 
America concrete is being employed on a large and extensive scale for high- 
ways, and most of the literature seems to goto prove that the material has many 
advantages, viz., to enumerate one or two only : the construction is not difficult, 
the roads cost little to maintain, and they are smooth. On the other hand, 
like cv^erything else, there are some disadvantages attaching to its use, but 
these, we hold, are far outweighed by the accruing gain, and, what is more, 
as has been proved in American practice, these difficulties can be overcome. 

One of the disadvantages mentioned by Mr. Matthews — namely, that these 
roads are inclined to be slippery — does not seem to be borne out by many motor 
users in America whom we have consulted, for, evidently in order to avoid this 
trouble, American engineers have recently adopted the practice of rendering 
the surface slightly gritty. Further, the tendency to crack, which is one of the 
alleged disadvantages, is apparently also one that can be easily remedied. 

We propose publishing some American experiences in our subsequent 
issues, and would recommend that our county and borough surveyors and our 
municipal engineers should accord this question of concrete roads greater 
attention. 

In conclusion, we venture to express the hope that at the Road Congress to 
be held this summer the subject will be g^en some prominence, and that the 
problem of special motor roads on the main routes of communication may be 
discussed. 

ROAD^ BRIDGES OlT REINFORCED CONCRETE. 

At the present time, when so many of our provincial corporations and 
county councils are considering the question of reconstructing old farid^ <>r 
building new ones, a few words on this subject may not COihe amiss* 

We have read with considerable interest in the daily Press tbe ^CGOUnts; of 
the proceedings of the various corporations when debating the adyisaldUtyr qr 
noa^adyisability of erecting or recoastriictiiig brtdgeii in rdiulditjed ' 
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A case in point is the cross-river communication at Newport, Monmouth- 
shire. The question of a new bridge or the reconstruction of the old one 
has for some time past occupied the attention of the Newport Corporation, 
and we observe that members of the Town Council seem very apprehensive of 
replacing the present masonry bridge by one in reinforced concrete, or even 
building a new one in that material. From quite recent information before us 
we note the recommendation of a resolution to rescind a former resolution to 
erect a bridge in reinforced concrete and that the sub-committee be empHDwered 
to confer with an expert with a view to adopting plans for constructing a stone 
bridge, and this, we believe, after matters had so far progressed that plans for 
a reinforced concrete structure had been drawn out. 

Similarly, in Norfolk, where quite a number of bridges of concrete are 
already under construction or completed, it would appear that some of the 
members of the County Council are doubtful as to the ultimate success of the 
venture, and a short time ago a hope was expressed by some that nothing larger 
than the Coltishall Bridge now under construction — consequent upon the floods 
of last year — would be undertaken in reinforced concrete. 

It seems to us that surely these doubts and fears are somewhat groundless — 
given, of course, thrit all due care i.s taken in the designing and carrying out 
of the work. These are, of course, absolute essentials ; without them, failure 
might equally well result w'ith any other form adopted. 

In the United States and on the Continent bridges of far greater magnitude 
and span have been carried out in reinforced concrete, and have not only proved 
a success from the practical and economic point of view, but many of them arc 
of artistic merit, and those of our readers who have read our journal regularly 
will no doubt have seen the numerous illustrated articles on such structures 
carried out abroad. We would mention also the new reinforced concrete bridge 
762 ft. long opened early last year in New Zealand over the Ruamahunga River 
near Featherstone. 


In our own islands the Waterford Bridge, 700 ft. long, on which an article 
appears in this issue, should not be overlooked. We could quote many other 
examples if space permitted. 

In conclusion, w^e would only express the hope that the fears of those who 
have such work under consideration may be allayed after a careful study of the 
matter. 

As before repeated, wdth careful designing, good workmanship and super- 
vision in construction, careful selection as to the reinforcement best suited for 
any particular structure, and care in the mixing of the concrete, bridges erected 
with this material will not only prove satisfactory, but be more durable and 
will cost less to maintain. 

EEL|»IAN NATURAL CEMENT. 


Some Tntci^estihg new departures have been made in the new specification issued 
last year by the t^mtoiatration of the Belgian State Railways, which will in 
govern thf jucc^tance and testing of Portland *cement for all works 
■ that' Depaftment. 

.irejjpire that all cement supplied shall be slow-setting, 
method so 'long. as it complies .with the follow- 






sh«^ be such that the proportion of magnesia 
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(MgO) shall not exceed 3 per cent. ; that of sulphuric acid (SO3) shall 
not exceed 2J per cent. ; and that of the insoluble residue shall not 
exceed i J per cent. 

(b) No slag or other foreign matter may be added to the cement except such 
proportion of plaster as may be necessary to regulate the setting time. 

(c) The loss on ignition shall not exceed 3 per cent. 

(d) After calcination the cement must not contain less than 61 per cent, 
of lime (CaO). 

(e) The fineness shall be such that the residue on the sieve of 76 meshes 

per square inch shall not exceed 5 per cent. 

* •(/) The cement shall not commence to set in less th^n 45 minutes after 

gauging, nor be complete in less than 4 nor in more than 14 hours. 

(g) The specific gravity must not be less than 3*07. 

(h) The tensile strength of sand briquettes (3 of normal sand to i of 

cement), after 24 hours* hardening in moist air and 6 days* immersion 
in, water having a temperature ranging between 59 and 64J Fahren- 
heit, shall not be less than 184^ lbs. nor less than 284 lbs. per square 
inch after 27 days* immersion. • 

(1) Pats of neat cement gauged on glass plates shall, after 21 hours* harden- 
ing in moist air, be subjected to a steam bath, in which the tempera- 
ture of the water shall be gradually raised so that at the end of the 
first hour it shall not exceed 176 Fahrenheit, after which it shall be 
raised to boiling-point and maintained thereat for 5 hours. The pats 
must not show any cracks or distortion after this test. 

In any case of doubt concerning the quality, the officer in charge may require 
compliance with additional tests as under : — 

(;) The compression strength for mortar cubes (3 to i), after 24 hours* 
hardening in moist air and 6 days* immersion in water having the 

same temperature as for the tensile tests, shall not be less than 

1,846 lbs. nor less than 2,840 lbs. per square inch after 27 days* 
immersion. 

(k) The Le Chatelier test shall not show an expansion greater than 6 milli- 
metres. 

The officer in charge of the work is, however, given discretion to accept cement 
which falls slightly below the foregoing requirements, provided, however, 
that in no case the specific gravity be less than 3*07, the tensile strength less 
than 156 lb. and 227 lb. respectively at 7 and 28 days after gauging, and the 

compression strength not less than ten times these figures, but in such cases 

an extra quantity (not less than 25 per cent.) of cement must be used. 

The Administration has also issued ^ipplemental regulations defining the 
methods by which each test shall be carried out. These exhibit a desire to 
ensure great care and absolute uniformity in the work. The diameter of the 
sieve wire is defined, the exact method of determining the specific gravity is 
prescribed, the manner of ascertaining the “ normal consistency ’* of the mortar 
by a needle instrument is carefully regulated, the grain or texture of the normal 
sand Is also provided for, the setting time is to be determined by a needle of 
given weight and dimensions, the size and thickness of the test pats t$ 
carefully fixed, and the method of gauging the briquettes and cubes is also 
strictly regulated. In this last-mentioned detail the Belgians have chosen to 
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copy the German example rather than the English. In the British standard 
specificaition, as is well known, it is stipulated that the gauging shall be done 
entirely by hand, and the mortar pressed into the moulds without mechanical 
ramming; but the Germans adopted mechanical ramming as the standard 
method more than a quarter of a century ago, and, after prolonged experience 
of it, remain convinced that, though it may differ in greater degree from the 
conditions obtaining in actual practice than when the work is done entirely 
by hand, the advantages of uniformity of handling (as between each individual 
sample tested) more than outweigh the theoretical objections, and they have 
therefore retained the mechanical principle in their new normal specification 
issued rather mor^ than a year ago. The Belgians have now followed • suit, 
and stipulate for the ramming of the briquettes by 120 blows from a hammer 
weighing 2 kilogrammes falling from a height of 25 centimetres, and for the 
ramming of the cubes by 150 blows of a hammer weighing 3 kilogrammes and 
falling from a height of 50 centimetres. The briquettes are to be broken in a 
Michaelis machine, but no special make of machine is named fpr the com- 
pression tests. 

It will be noted that a minimun^ lime c^mtent is insisted on, and, when 
taken in conjunction with an absolute minimum specific gravity of 3*05, even 
when the extra proportion of cement is a condition of permission to use it, 
this will effectually exclude the so-called “ natural cements ” from use on the 
State railways of the country of their origin. As it can hardly be supposed 
that the Government engineers refuse to avail themselves of these cheap 
national products without good reason for such a course, their example should 
command the careful attention of every professional man. If Belgian 
“ natural cement is not good enough for use by the Belgian public authori- 
ties, how can any of our readers dream of accepting it for use outside its 
native land? And yet we hear now and then of a few officials who remain 
indifferent alike to the Belgian Government’s own example and to the teachings 
of experience, and take no pains to insist on their contractors using only 
genuine artificial cement — the only material entitled to the description of 
** Portland cement ” — on work under their control. A word of caution on this 
point is just now especially necessary, in view of the fact that, owing in part 
to the higher cost of materials, fuel, labour and freight rates, and in part to 
the end of the prolonged depression and a closer balance between production 
and consumption, the market price of the genuine article has risen considerably, 
not merely in the United Kingdom, but in other countries where cement is 
produced in large quantities; and there is, therefore, a greater temptation for 
unscrupulous contractors to employ the low-priced, but vastly inferior, 
“ natural cement ” emanating from Belgium, and masquerading under the 
high-rsdunding hut utterly false titl# of “ Best Portland Cement.” 


OBITUARY NOTICE. 

Hotnan. 

to bnye "to wnoutice the death of Mr. Julius Homan, of Messrs. 
i;s/%vho died in the beginning of February, in his 91st year. 

in, steel and concrete construction and stated to be 
girders, consisting' of joists and plates, which he 
only recently retired from business — t.e., 1912 — and 
indefatigable, industry and great tact. 
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By ALBERT LAKEM/^N. 

The foLotving trUcle on the Waterford Bridge^ vihich voas openea last month, should 
be of considerable Interest at the present time, when various municipalities and corpora- 
tions are discussing the erection of new bridges or the enlarging of old ones, and in view 
of the fact that considerable doubt still seems to exist on the strength and safety of 
reinforced concrete bridges as compared with those constructed of other materials * — 


This is an interesting example of reirrforced concrete work, as it forms the 
most important bridge constructed with this material in the United Kingdom, 
and it is estimated that a considerable saving was effected by the adoption of 
the present scheme as compared with the steel bridge at one time contem- 
plated. 

The old budge which crossed the River Suir was constructed of timber, 
and as the new bridge was to be constructed in the same position it became 
necessary to form a temporary timber structure for the conduct of the traffic 
across the river during the period of reconstruction. This temporary bridge 
is just over 700 ft. long, and it has a width of 28 ft. between the parapets, 
thus giving a 20 ft. roadway and an 8 ft. footpath, while an opening portion 
40 ft. clear is provided for the passage of vessels. The whole of the work 
of the temporary bridge was carried out in about four and a half months, and 
this must be considered a very creditable performance when the size of the 
structure and the great length of the piles are taken into account. Some of 
the piles were no less than 66 ft. long, and the difficulty of pitching these in 
deep water with a fast current running was considerable. The vertical piles 
were driven in sets of three by the main piling engine, and the triple pile driver 
was capable of being worked with a cantilever projection of 25 ft. beyond the 
support formed by the last completed trestle of the temporary bridge, and this 
allowed the gantry to be almost continuously moved forward. The raking 
piles on either side were driven by a single pile driver, which moved forward 
on rails behind the gantry, and which was swung round to work on either side 
as required. Upon the completion of the temporary bridge the old structure 
was closed to traffic and demolition was commenced by the contractors. It 
is interesting to note that the old piles when extracted were found to be pointed, 
and had only penetrated the river bed from 4 ft. to 8 ft., the latter being the 
maximum, while the piles in the new reinforced concrete bridge are driven 
down to a depth of at least 20 ft. below the river bed to the solid rockj and 
the cvclinder piers are sunk to a depth varying from 6 ft. to 10 ft. 
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The new rein- 
forced concrete 
bridge is constructed 
on the Hennebique 
system in accordance 
with drawings and 
specification p r e - 
pared by Mr. J. S. E. 
d e V e s i a n , 
M.Inst.C.E., on be- 
half of Messrs. L. G. 
Mouchel and Part- 
ners, Ltd., of West- 
minster, while the 
engineer to the 
Bridge Coinmittee is 
Mr. A. M. Burden, 
M.Inst.C.E., the 
County Engineer of 
Kilkenny. The 
method of preparing 
the work for the 
bridge is worthy of 
notice, as the con- 
tractors established a 
large manufactory 
close to the site and 
employed local 
labour for the pre- 
pi^iration of the con- 
structional members, 
the cement and steel 
only being brought to 
the works; thus the 
execution of the 
scheme gave much 
benefit to the popula- 
tion of W aterford. 
The works were 
established about half 
a mile from the site 
of the bridge on the 
upstream side on the 
bank of the river, and 
the transit of the 
various members when 
completed was there- 
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fore a comparatively simple matter. A large platform was built for the moulding 
of the reinforced concrete piles, and this was executed by forming rough concrete 
walls 12 in. thick at 4 ft. centres, upon which wooden plates were placed to 
carry the 9 in. by 3 in. grooved and longued planks, constituting a perfectly 
level bed for the lower surface of the piles. The piles are 16 in. square, and 
the shuttering for the sides was made of two 8-in. by 2-in. boards placed on 
their edges and super-imposed with 7 in. by i in. cleats to connect same 
together. The shuttering was held in the vertical position by means of folding 



Fig. 3. Plan<of Cyclinder Pier. 
The Waterford Bridge. 


wedges at the bottom and distance pieces 5 in. long at the top. The total 
number of piles required for the work •was 217, and these varied in length 
from 45 ft. to 65 ft., the consequence being that a considerable area was 
required for the moulding platform. In order to avoid a platform of excessive 
size the piles were.moulded in three tiers, with i in. boarding placed between 
the first and second and second and third tiers. All the piles were made in 
about ten weeks, and each one was clearly numbered at the end to facilitate 
its transport to the required position in the work. When the piles were com- 
pleted the process of moulding the pier cyclinders was commenced, and these 

»59 




Fig. 4a. Elevation of Outside Main Girder. 
Thk Waterford Bridge. 
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were made in lengths of 6 ft., 9 ft., and 12 ft. ; t^o sizes being required, one 
of which has a diameter of 5 ft. 6 in. and one of 7 ft., the thickness of the 
shell being 4 in. only and well reinforced with longitudinal and circumferential 
rods. This reinforcement was firstly built up in the form of a cage, and then 
lowered by means of a crane into the bottom ring of the timber mould, which 
consisted of a core formed of two semi-circular cradles fitted together with a 
separate outer case, also in two halves, which was arranged to give an annular 
space of 4 in. between the inner core and the outer form. The cores and 
shells were made in lengths of 3 ft., and consequently two or more lengths were 



Fig. S. Detail of Machinery Chamber. 
The Waterford Bridge. 


used Oil the top of one another to give the required length to the cylinder. 
The power for the concrete mixer and other plant was supplied by a gas engine 
of i8i h.p., and the slinging of the vanous materials was accomplished with a 
lo-ton steam derrick crane mounted on movable bogies. 

When the work to the new bridge was commenced the various moulded 
members were siting into barges and transported to the site without any 
delay, and the execution proceeded very rapidly. The drawi^s illustrated in 
Figs. I and 2 give the general plan and elevation Of the reinforced thereto 
work, and it will be seen that an opening portion 80 ft. wide is provided at 
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the centre for navigation purposes^ and on either side of this opening portion 
the bridge is divided up into six equal bays by the river piers, which are spaced 
at 46-ft. 4i-in. centres. The total size of the bridge is 700 ft. by 48 ft. between 



Fig. 6. Shuttering for Beams. 










'' WATggtOED ‘ • 

: a 3 i-ft, roadway and two 8-*ft. footpaths. The piers are 
the. width of the bridge, and these carry the four 
ij/^hjeh occur in each bay on either side of the opening 
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portion. The piers were formed by driving the i6-in. sq. reinforced piles in 
groups down to the solid rock, which was encountered at the average depth 
of 30 ft. below the bed of the river, and the cyclinder rings were then placed 
over these and lowered to the river bed, which had previously been dredged by 



Fi({ 8. Beam Reioforcement io position. 



means of a grab to allow the. cyclinder to penetrate the required di&tancer the 
bottom ring having also a cutting edge to assist in the sinking* When ttie 
bottom ring had been lowered it was carefully levelled and wedg^ in ^sitkih 
by a diver, and the successive sections were lowered and cooneeted by mehn$, 
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of socketed joints, which were formed in the casting of the various parts. A 
plan of one of these cyclindcr piers is illustrated in Fig. 3, when it will be 
seen that seven piles arc grouped inside the cylinder, the outside diameter 
of the latter being 7 ft. and the thickness 4 in. This size was employed for 
the piers on either side of the navigation opening, of which there were sixteen 
altogether, the remainder of the piers containing three piles only and having 
an outside diameter of 5 ft. 6 in. The depositing of the cyclinder rings con- 
tinued until the level of the low water bracing was nearly reached, and the 
interior of the pier was then filled in solid with concrete, which was delivered 
through a 12 in. diameter pipe. The bracing members are arranged in pairs, 
and they are made 3^ in. deep and 18 in. wide, being moulded in advance, 
with the longitudinal reinfoi cement left protruding for carrying into the 
concrete filling of the cyclinders, where it was securely anchored. The high 
water bracing consists of similar members, the depth, however, being 30 in. 



Fig, 10. View showing Bracing to Cyclinder Piers. 
Thb Waterfokd Bridge 


only, while the main girders also obviously assist in the bracing. The 
cyclinders above the pile heads are continued as columns reinforced with seven 
lines of vertical reinforcement tied with transverse links spaced 12 in. apart, 
and a finish is formed with circular moulded capitals, which were cast in the 
contractors’ yard. 

The main beams carrying the roadway have a span equal to the distance 
apart of the cx>lumn«i--^viz., 46 ft. 4J — and they arc of two types, as illus- 
trated in Figs. 4 and 4^. The outside beams are 5 ft. 6 in. deep and 16 in. wide, 
well reinforced, as shown in the drawings, while the two inside girders, which 
arc coincident with the lines of the inside piers, are 4 ft. 2 in. deep and 16 in. 
wide^ The centering fer the moulding of these beams was carried by steel 
joists up by timber from the low water level bracing beams. The 

placed at 3 ft. SJ in. apart centre to centre, and these 
•re 14 ih. f in, wide» exclusive of the decking slab, which is 5^^ in. 

v«4 * ^ 


WATERFORD BRIDOB. 


thick. The footpaths are carried by the outer main beams, and also by the 
alternate transverse beams beings cantilevered out, as the footpaths project 
beyond the outer face of the former, and, in fact, the inner edge of the footpath 
is coincident with the inner face of these beams. The machinery for the 
manipulation of the opening portion is accommodated in four machinery 
chambers constructed in reinforced concrete at each corner of the opening, as 
shown in Fig, 5. The outer walls of these are only 4 in. thick, and two contain 
an upper floor for the storage batteries. The new bridge at the north end is 
connected to the new reinforced concrete viaduct, which was constructed a few 
years ago in front of the Great Southern and Western Railway, and at the south 
• end the approach is joined up to the existing quay wall, which was not 
disturbed. The parapet is very effectively designed, as wilfbe seen in the photo- 
graph of the finished work, illustrated in the frontispiece, and the pedestals 
occurring over the columns are bold and appropriate. The bridge is protected 
at the navigation opening by dolphins a)nstructed of timber, and secured with 
piles driven at least 20 ft. into the river bed, while the cyclinder piers along each 
side of the opening are moulded with special provision for the attachment of 
timber fenders. 

The gradient of the bridge roadway is approximately i in 31 on either 
side of the opening span. The structure is designed for vehicular traffic with 
axle loads up to 16 tons, but on completion it will be tested with the dead super- 
load of 210 lb. per sq. ft. on the footpaths and two rolling loads of 32 tons 
each on the roadway. The specification demands that these loads shall be 
borne without causing any defect, without causing deflection greater than 1-600 
of the span, and without causing appreciable permanent deformation. 

The contractors for the work were Messrs. Kinnear, Moodie and Co., 
and the two rolling-lift spans were constructed by the Cleveland Bridge and 
Engineering Co. 



Fig. 11. 
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By JOHN A DAVENPORT, MSc, A M.Inst.CE. 

The fotlovfing MtUcle should be of interest to those of our readers •whose v)ork includes 

the designing of concrete slabs^—ED* 

I\ the majority of cases reinforced concrete slabs arc designed for uniformly 
distributed loads and for equal and continuous spans. In fact, the R.I.B.A. 
Report only considers definitely continuous slabs which are of cqual*spans and 
carry uniformly distributed loads, and recommends that, for such conditions, 
the bending moments at the centre of tTie span and immediately over the sup- 

ports shall be taken as± this m order to allow for any settlement of the 

supports. Thus the moments of resistance of the slab sections at the centre of 
the span and over the supports must be equal in magnitude, and as the thick- 
ness is the same throughout, it follows that the area of steel at each of these 
points will be the same. 

It is not the object of this article to discuss what ratio the area of the steel 
to the area of the concrete should be for maximum economy; but, assuming 
that this be known, it is proposed to deal with the most economical method of 
arranging the bars. The complete design involves the calculation of slab 
thickness, the c«ilcultition of the area of steel in a certain width of slab, and 
the arrangement of the i einforcement as bars of a certain section and length 
spaced at definite intervals. The choice of section, size, and spacing of bars is a 
very simple matter and requires no further notice, but the determination of the 
lengths of the bars provides a means of making the design economical or 
otherwise In deciding upon the lengths of the bars the following points should 
always be considered : — 

I. The reinforcement should be near the bottom surface in the middle section 
of the span. 

a. The reinforcement should be near the top surface in the section over the 
supports. 

3. The full area of the bars is^required only in mid-span and immediately 
over the supports* 

4, At intermediate points a smaller area will suffice* 

5* At scune iniWmediate point (the point of contraflexure) no tension rein- 
fpmment is required. 

6* In nil ordSnaiy t:a$es no shear rdinforcement is necessaiy. 

Points I nnd e follow from the fact that the whole of the tension is taken by 
lihe bars, timut therefore be placed near the tension surfaces of the slab. 


ECONOMICAL SLAB REINFORCEMENT. 


Points 3, 4 and 5 follow from the fact that the bending, moment has 
numerically maximum values at only two points in the span, and is zero at the- 
point of contraflexure. 

Regarding point 6, the R.I.B.A. report states that shear reinforcement is 
not generally necessary in slabs. Apart from this official statement, however, 
it will be found that die shear force at the point of contraflexure, the only point 
at which there should be a break in the bars, is less than the maximum shear 
force which occurs at the support, and much less than the shear resistance of 
the concrete. The distance of the point of contraflexure from the support is 
taken by the writer as quarter the span, but provision is made for a fairly 
’lar^e deviation. Since the shear forces can be safely resisted by the concrete, 
it therefore follows that tension reinforcement only is required, and it is not 
necessary that the top bars shall be connected to the bottom bars. 

The following method, of which two alternatives are given, has been used 
by the writer for the last three years, and has always proved efficient, 
economical, and convenient. It is applicable to bars of any section or size, so 
that it may safely be used for patent bars or commercial sections. 

tst ALTERNATIVE. 

All the bars, except those which lie at the underside of the slab in the end 
spans, are of length equal to half the span plus 2 or 3 in. at each end, bent up 
or down to provide anchorage. The bottom bars in the end spans have straight 
lengths equal to ihrec-quarlcrs of the span plus 2- or 3-in. bent ends. If the end 
of the slab be fixed in a wall chase or in any other manner, alternate bottom bars 
are bent up to the top, as shown later, to resist any tension which occurs in the 
top of the slab. 

All the bars, top and bottom, are arranged symmetrically about the sup- 
ports and centres of spans, so that the end of the straight length of a top bar 
is vertically over the corresponding end of a bottom bar. They, are then 
staggered a distance equal to the nearest 3 in. to one-tenth the span, alternate 
bars going right and left, as seen when looking across and not along the bars, 
and this gives the final arrangement. 

This results in the full area of the bars for lengths of 0-3 of the span over 
the supports and in mid-span, and one-half the area for lengths of o'l o-f 
span about the points which are distant quarter pf the span from the supports. 
It: also allows the point of contraflexure to deviate an amount equal to o‘i of 
the span on either side of the quarter-point. 

In the foregoing description the bars are first arranged symmetrically and 
then staggered, but it will be found in practice that they can be correctly 
staggered when first put in, provided the right workmen and foreman arc on 
the job. 

Taking as an example a continuous slab of 12-ft. span, the amount of 
staggering must be i ft. 3 in. ; the length of the intermediate bars 6 ft. plus 6 in. 
for two bent ends ; and the length of the end bars 9 ft plus 6 in. for two bent 
ends. 

The arrangement is shown in Ftg. i, in which the plan shows, to an 
exaggerated scale, alternate bars lettered A and B. The correct disposi^on of 
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the bars relatively to the supports is shown in the sections with bar A above 
and bar B below. The details of the bars are given in Fig. 2, in which C shows 
top and bottom bars for all parts except in the bottom of the end spans, D 
shows the bottpm bars in the end span when the end is not fixed in any way, 
and E shows alternate bottom bars in the end, span when the end is fixed. 
Notice that the total lengths of the bars D and E are the same. 
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This arrangement results in the following disposition of the reinforcement, 
see Fig. i. 

Over the supports and in the intermediate spans the total area of metal 
required by the design occurs for a length of 3 ft. 6 in. 

In the same parts not less than half this area occurs for a length of 
8 ft. 6 in., so that there is tension reinforcement for a continuous length of 
nearly three-quarters the span. 

In the end span the full area of metal o<'Curs for a length of 7 ft. 9 in., and 
not less than half this area for a length of 10 ft. 3 in. 

Further, the point of contraflexurc may occur anywhere in the space 

which has a length of 2 ft. 6 in. 

If the points i to 6, already noted, . 
be compared with this arr.ingemcnt it 
will be found that the reinforcement is 
disposed in the position and manner 
in which it can best resist all the 
tensile forces. 

The advantages which result from this arrangement are : — 
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Fig. 2. 


(a) All the bars, except those in the end spans, being of the same length 
means that the steel order is of the simplest form, and there is no risk pf putting 
id, at any particylasF>place|.bars of the wrong length. , 


(j^) As all the bars aire straight, with short bent ends only, the work involved 
lite easiest possible, and there is no risk of bends being put in the 




! comparatively short they are eaSy to handle, -and there 

behds or kinks. 

not connected together, no templates for 

'n\.d'r 
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(e) The laying of bars and concrete can go on together, and no replacing is 
necessary as would be the case if the bars were laid first. 

(/) The weight of steel can be calculated from a very simple formula. 

(g) The cost of laying slabs is reductnl to an absolute minimum. 

The method of laying the slabs as used by the writer is as follows : — 

After the centering is ready, a sufficient number of bars are laid handy for 
the stretch to be concreted. The thickness of the cover is then laid and the 
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botti>m bars immecluitely placed in th(‘ correct jKJsitions on the concrete. Further 
concrete is added till the surface* Kas rrf‘ached the level of the top bars; these are 
then laid and the slab completed. 

2nd ALTERNATIVE. 

The foregoing arrangement has had to be altered at times to meet the 
wishes of surveyors and architects, whose sole objection was to the discontinuity 
of the top and bottom bars, 'lo overcome this objection adjacent top and 
bottom bars arc connected by means of a (>" (or 4") diagonal, the resultant 
arrangement being the same as before, except for this. In order that the bars 
in any part may be connected to the bars in adjacent parts, alternate bottom 
bars are all connected to the corresponding top bars on the right, the inter- 
mediate bars being connected to the top bars on the left. Thus, apart from 


Dvt 

bars in the end span, the total straight length of any bar is now twice what it 
was formerly. The advantages are the same as before, except that provision 
must be made to hold up the bars, and the longer length is not so convenient. 

Figs. 3 and 4 show details for a slab of 12-ft. span cpf?responding to Figs, 
i and 2. In the end spans only alternate bottom bars are connected to the 
top bars, so that there are three, lengths of bar instead of two as before. It 
will be noticed that in any set of bars, bottom or top, adjacent bars are con- 
nected right and leff, so that the slab is tied from end to end in a width equal 
to twice the pitch of the bars. 

The details of bottom bars for fixed end spans are not separately shdwn, 
being already given in Fig. 2. . ' 
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Weight of Steel . — Taking first a bar running from end to end in the 
direction of length of the bar, the length of bent ends in any span will be 
4 X 3 = 12 in., or I ft. For 2-in. bent ends this will be 8 in., but 3-in. ends 
are only considered now. The straight length in any span will be equal to the 
span, so that the total length of bar in one span will be i ft. longer than the 
span. 

Now let L=“ total length of slab in feet, measured in the direction in which 
the bars run. 

B = total breadth of slab in feet in the perpendicular direction. 

n = total number of spans. 

p ~ pitoh of bars in inches. 

Then the total length of one bar will be L 4- n feet, and the number of 
1 2B 

bars in breadth B will be ' 

P 

The total length of bar in the slab \vill be the product of these two quan- 
tities — i.e., (L + n) feet. 

P 

Now let A be the area of one bar,* then, taking 3*4 lb. as the weight per 
foot run of i sq. in. of steel, the weight of the slab metal becomes 

(L + «) tons. 

2240/> 

or 

VV’=0’018^^ (L + «) tons. 

P 

Taking a slab of 200 ft. length and 150 ft. breadth, divided into 20 spans 
of 10 ft. each, with J-in. diameter bars at 6-in. centres — 

L = 200 

W = 20 

5 = 150 

p=r.Ci 

A =0196 

Vy=0’0182 X (200 f 20). 

6 

_ 0’0182X150X 0*19 6X22 0 
6” 

= 19’62 tons. 

The product 3*4 A gives the weight per foot run of the bar, and if this 
figure be preferred it may be used after slightly modifying the formula above. 



CONCRETE ROADS AND FOOTWA YS. 



By E. R. MATTHEWS, A.M.Insi.C.E., F.G.ft 

Borotti h Engineer of Britilington. 

rr of ihe use of concrete for roads is receiving considerable atieniion In the 

United States^ though it has only been used to a mwor extent in this country. 

We propose in subsequent issues to publish some further articles and papers on this 
subject, as it is one luhich merits a great deal more attention than is at present accorded 
to it.— ED. 

While fodtways constructed of concrete in situ have been formed in various 
parts of this country — and the author has had a ^ood deal of experience in the 
construction of this class of fcxjtway, Fiji;, i, for example, representing^ one 
of this type recently formed by him at Bridlington — nevertheless the use 
of this material in the formation of roads has, with a very few exceptions, 
not been adopted. The advent ot the motor car upon our roads has necessitated 
the introduction of methods of construction which in the days of the horse- 
drawn vehicle would not have been thought of. \ loosely-bound road surface 
is no longer of any use, for the rapid car has a tendency to tear out the metal 
even from a compact road surface. Concrete, therefore, is the latest material 
used in road construction, and it is the intention in this article to describe its 
use in America, for it is that country that has taken the lead in the use of 
this material. It is proposed to set out some of the advantages and disad- 
vantages of using this material. Figs. 2 and 3 represent cross-sections through 
concrete roads and footways as recommended by the writer. 

ADVANTAGES. 

(I) Durability. — The chief advantage of a concrete road is that its life is 
greater than that of almost any other road, with the exception of perhaps 
granite and whinstone setts. The nature of the material of which the road 
is constructed is such that it increases in hardness and durability with age. 
This cannot be said of any other material. 

Wood blocks become soft and often wear unevenly ; stone setts, unless 
of granite or whinstone, vary in hardness, and fail in the same respect ; granite 
macadam has to be renewed where there is heavy traffic on a road every three 
years or so, in some cases* of tener; tar macadam can only stand light traffic, and 
then it has to be renewed every few years ; but a concrete road will present as 
good a surface at the expiration of five years as on the day the road was 
completed. • 

Under these circumstances, and knowing the various purposes for which 
American engineers have used concrete, we are not surprised to find that at 'the 
present time there are in America under construction some hundreds of miles of 
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concrete roads, and that the New York State Commission of Highways are 
constructing about 200 miles of such road-s, 50 miles of which are in the 
Rochester division. The California State Engineering Advisory Board also 
have 56 milc*> of concrete roads in hand. 

(2 ) Uniform Wearing of Surface — Unlike other methods of road construc- 
tion, a concrete road wears uniformly, and not in holes as is the case with 
an ordinary m.ic<idam road ; this is a very important matter. 

(3) CieanJy Appear- 
ance. — A road of this 
class always pre ents a 
clcMiily appeal ance, and 
can easily be cleansed b\ 
pLiying a hose upon it, or 
w.itering with water-c.irls 
and then sweeping well 

( 4) Mainvenance. — 
It costs piacticall} nothini> 
to maintain a road of this 
class. 

(5) EconomicaL — 

The cost of constructing 
such a load is no greatei 
than that of a tar mic- 
adam load, .is will he 
shown later. 

DISADVANTAGES. 

( 1) Non-Biasticity. 

— Ihe principal of these is 
that the extreme hardness 
.ind non-elasticity of the 
road make it somewhat 
injuiious to horses using 
It, cspeci.dl> when the 
anim.als stand daily for 
hours upon the road, as in 
the case of a cab horse. 

(2) Inclined to be 

Fio 1. ComRKTF Footway. BRimiNGTON. siippery. — Unless the 

greatest care is taken a 

road of this class in certain weather^^will become slippery. The surface of the 
concrete should be cut up into V-shaped grooves about J in. deep and J in. 
wide, so as to give horses a better foothold. A road of this type should not be 
constructed where thelre is a considerable longitudinal gradient. 

(3) DUHeultyltt Opening Our.— This is a serious objection, as the open- 
ing out of our town streets is almost a daily occurrence. 

This oblection tnUtht be overcome to a largfe extent by the construction 
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under the centre of the road of a reinforced concrete subway, which would 
accommodate gas and water mains, sewers, electric cables, telephone wires, etc., 
or these might all be laid under the footways, and the latter not be of concrete, 
but flagged or of asphalte ; the disadvantage of this course is that the mains 
would have to be repeated on both sides of the road to really be of any benefit. 

e-O' 24 - 0 ' 0 - 0 ' 
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(4) Somewhat Noisy, — The noise is reduced* by the tarring of the surface, 
which should be repeated every other year or every third year if there is a 
f;ood deal of trafllc on the road. The tarring will cost about ifd. per sup. yd. 


T - 
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MATERIALS AND METHOD 
OF CONSTRUCTION RECOM- 
MENDED BY THE AUTHOR. 

Concrete Road : Pro^ 
portions. — The concrete 
used should be in the propor- 
tions of 5 parts gravel or 
broken granite varying from 
i in. to in. in size, i part 
coarse sand, and i part of 
Portland cement. A fairly 
wet mixture should be used. 

Thickness of Concrete. 

— A thickness of concrete of 

6 in. will be ample ; it should not, however, be of less thickness. 

Expansion Joints. — 'I hese should be inserted every 30 ft. The author on 
one occasion when forming a wide concrete footw'ay omitted these, but found 
as a result that cracks appeared about every 30 ft. ; he therefore strongly 


Fic. 3. 


recommends their insertion. 

Hand Tamping. — The pavement should be finished by hand tamping until 
the mortar comes freely to the surface. 

Tarred Surface. — It is advisable to tar the surface of the concrete (about 
{■ gall, per sup. yd.), and to spread granite or limestone screenings, and to 
repeat this a year after. 

CQSt . — The New^ York concrete roiiids are costing $9,000 to $12,000 per 
mile, taking a i6-ft. road as a basis. ITie author estimates that such a road 
in this country would cost, including the tarring of surface, but independent of 
the dost of prepafing the foundation, which should be formed in the same 
manner as for an ordinary macadam road, 3s. 6d. per sup. yd. .only, which is a 
low figure for a permanent road. 

Footways*— f ootways, as shown in Figs, i and 2, formed of concrete 
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4 in. in thickness, have cost the author, with a brick-bat foundation, but 
no tarring of surface, as. 4d. per sup. yd. This is very little more than Ihe cost 
of tar paving, while York or artificial stone flags have cost him 6s. 3d. per 
sup. yd. laid complete. 

The footways should have a 6 to i concrete base with a 2-in. wearing 
surface of 1 ; i cement and sand, and should be cut up into blocks, say, to 
imitate flags, or be pitted with a tooth roller. They should be brought up to 
a true face by means of a trowel. 





Fic 4 

Kerb . — The aullur has usually foijned this of the same material as the 
footways, but 12 in. by 8 in., and it has cost him about 3s. per lin. yd. The 
edge should have a 2 -in. chamfer as shown in Fig. 2a. 

AMERICAN EXAMPLE OF CONCRETE ROAD. 

A good example of a concrete road constructed recently in .America is 
shown in Fig 4, which represents a road of this class just completed at Nor- 
wood, Ohio. It may be briefly described as follows : — 

The concrete consisted of a 1:2^: 5 mixture- '•and and crushed stone — 
in the writer’s opinion It should not have bc<‘n a weaker mixture than 6 to i. 
Expansion joints in.) were placed transversely evtry 30 ft., .ind along each 
channel, and filled in with rubber asphaltc. 

The crushed stone used varied from J in. to 2 in. in size, the sub-foundation 
consisting of cinders; the concrete was mixed by a Milwaukee mixer, and laid 
to a thickness of 6 inches, and the cost of constructing this concrete road 
worked out at $1.20 pcT sup. yd. Transverse expansion joints | in. in width 
and filled in with pilch were inserted at Atchison, Kansas, where 9,500 sup. yd. 
of concrete roadway were laid last year. 

This road cost $1.07 per sup. yd. The fini.shed surface was covered with 
sand and kept wet for several days. 

Reinforcement. — At Detroit the concrete was reinforced by the ins<irtion 
of |-in. round steel bars placed longitudinally and transversely at 2 ft. centres 
and within li inches of the upper surface of the concrete. Other reinforcement 
was inserted on the underside of the qpncretc, and this consisted of J-in. steel 
bars laid at 4-ft. centres longitudinally and transversely; the top and bottom 
reinforcement was connected by means of clamps. The author docs not see 
the need of inserting this light reinforcement, which adds to the cost, although 
it, of course, considerably increases the strength of the pavement, and, what is 
more important, it prevents longitudinal cracks occurring a year or two after 
the pavement has been laid. 
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The top layer of concrete at Detroit consisted of i : i : 3, the bottom layer 
of 1 : 3 : 6. Expansion joints were inserted every 30 ft. longitudinally. 

Size of Aggregate . — While this at Norwood consisted of stones varying in 
size from in. to 2 in., the author recommends a smaller aggregate, say J in. 
to 1^ in. in size. 

In a paper on “ Concrete Roads ” read by Mr. A. N. Johnson at the Ameri- 
can Road Congress in October last, he advocates the practice of using aggregate 
of not more than i in. in its largest dimension, and the insertion of expansion 
joints every 40 ft. to 50 ft. 

Concrete in one^ course . — Professor V. P. Spalding, in his recently pub- 
lished ** Roads and Pavements,** advocates the placing of expansion joints every 
5c/ ft., and at right angles to the kerb line, and suggests* that they he at least 
1 in. wide, and filled with a soft-wood strip of tlw saiiic depth as the concrete. 
He recommends a one-course method in preference to the two-course in placing 
the concrete, so as to avoid a plane of w^eakness <K'curring between the two 
courses; and the author concurs in this suggestion. 

Mr. Tfohnson’s estimated cost of a road similar to that suggested by the 
author, and shown in F/g. 3, is $t.oo per sq. yd. 

GENERAL. 

There are many patented meth<Kls of concrete pavement construction 
in vogue in America; these include the Blome Company’s Granitoid Blocking 
method, the Hassam Pavement, and Dolarway Pavement. It is not the 
intention of the author to describe these, but to conclude by saying that in his 
opinion concrete will be used a g<K)d deal in this country in the future in the 
construction of roads, especially in busy town streets rmd in narrow back roads. 
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The epoch-making s;j[ccess which has attended the principle of exhibitions on 
special subjects has given a new and sudden trend to the ideas which have 
hitherto governed the erection of exhibitions. Such industries as are powerful 
enough to stand alone have followed this new impulse with surprising celerity. 
The industries of building and housing, the foremost and greatest industries 
of all, and those whose roots lie deepest in the soil of domestic life, .have 
combined for the formation of a first general international review, the idea of 
which has now been realised in the impending Leipzig International Building 
Exhibition of 1913. It is characteristic of German thoroughness that the 
principle of specialisation has been fully realised in Germany, in hygienics by the 
Hygiene Exhibition, and now in architecture and housing through the coming 
Building Exhibition — that principle of specialisation which at once allows of a 
full representation of all matters in question and an efficient analysis of all 
pertinent subjects. A consistent solution of the problem of how to arrange a 
comprehensive exhibition of all matters pertaining to the departments of build- 
ing and housing also ntcossiUitcs a considerable increase in the area of ground 
to be occupied by the eichibition. No less than 475,000 sq. yds. — an area 
exc^ding that of the Brussels Exhibition of 1910 — is necessary in order to give 
a though eondeitaed, outline of the important building industry. 

^ A the on the historical spot on which the great Battle of 

Jijii 013, the exhibition is built on hilly^ground, from which 
of Leipzig^ the seat of Germany’s oldest university, 
Op the side, looking towards the east, the eye is caught 
Monument to the Battle of Leipzig, .erected to 
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BUILDING EXHIBITION AT LEIPZIG. 



the memory of the heroes who shed their blood here a century ago. On the 
same soil on which the nations were then opposed to each other in deadly 
combat the friendly competition, which has but a single and common goal in 
view, will now take place. 



The exhibition grounds will be divided into two portions by h bwad tr^ 
of railway lines. The larger half, that lying neare^ to the town, e«ootJBM 
chief and palatial exhibition buildings; the smaller half, that on the side of the 
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Monument, is laid out in park-like grounds, and contains the special agricul- 
tural exhibition, and a small village, complete with agricultural buildings, 
dwelling-houses, school, and church. A special site has also been selected for 
a recreaiion park. 

In pleasant contrast to the want of clearness usually shown in other exhi- 



bitions in the arrangeihtent of the chief buildings, the buildings in the Leipzig 
f Eatbibitipn are clearly and comprehensively arranged in groups according to 
their nelationa to each oilier. The general Building desigif i^, the work of the 
^vernment Weidenbacb and Tschammer. The regular rise 

tow of Leipaig to the crowning height on which the 
Leifizig stands 'has 'been utilised with particular 
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ingenuity. From the main entrance, facing towards the town, a magnificent 
thoroughfare, 40 yds. in breadth, leads straight to the Monument, the axial 
arrangement of the buildings in this exhibition city being marked by a second 
lateral lime-tree avenue, 30 yds. broad and 500 yds. in length, crossing the 
main thoroughfare at right angles. The street crosses the railway cutting. 



Administration Building. 

Th* iNtBRNATlONAL BUU.OUIO EXHIBITION, LbIPXIO. 


195 ft. broad, by m^ans of a reinforced concrete girder-brWge, 8 ft. in breadth. 
The difference in the level of the ground here and on the farther side has been 
utilised for the formation of a terraced walk of considerabjje dimensions and of 
architectonic importance. At another point the railway cutting will he spanned 
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Old Leipzig. 


by a second reinforced con- 
crete bridge of technical 
interest, to be built on a 
new system of the editor of 
our contemporary, Beton 
und Eisen, Dr. von 
Emperger, of Vienna. 

This erection exhibits 
a happy combination of 
ribbed cast-iron, natural 
steel on the Schroiff system, 
and latticed trusses without 
rivets. The use of cast- 
iron for the bearing of com- 
pression strain is techni- 
cally a feature of peculiar 
interest in the strilcture. In 
order to afford a coherent 
pieture of the present state 
of the entire building and 
housing industries, it has 
been decided to erect, apart 
from the industrial exhibi- 
tions and the exhibitions 


rep rcsentativc 
o f different 
countries, a 
science and art 
exhibition, i n 
which all sub- 
jects and objects 
of the exhibition 
are arranged, 
for the most 
part from a 
scientific point 
of view, and 
witjbcwit r^ard 

Here, owing to 
'■t't ; carefully 
■art 
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BUILDING EXHIBITION AT LEIPZIG, 

the view of the technical expert ; while, on the other hand, great care has been taken 
to make the present stage of technical development comprehensible to the layman, 
to demonstrate the results of buildings in Ihcir relation to social, industrial and 
hygienic life, and so appeal to the intelligence of the masses, not only as 
regards general questions of technical practicability, but also in respect of the 



Pr^oipal Entrance. 

Thb Intern at ion At EuitoiNO Exhibition, LtiPzia. 


value of the structures from a domestic and industrial point of view. Models, 
plans, and photographs alternate with stalis^iical explanations and treatises oh 
political economy in their relations to daily life, 

The visitor to this technical and politico-economical exhibition will find here 
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a perfection and completeness of detail. Though unavoidable condensation has 
prevented historical retrospects in general from being taken, tjje visitor will yet 
find such short hints in all branches of technical science, as to the origin and 
consequences of technical events of the past, as are necessary to an understand- 
ing of the development in the art of engineering and architectural designing. 
From the examination of the work that precedes the erection of all structures 




ThoMM Church. Leipsl^. 

Thx Imtkrhahohal Building Exhibition. Leipzig. 



w€ pass to the ex- 
hibits of the finished 
products of the art of 
engineering", of super- 
structure, and to the' 
valuation of the single 
part in its relation to 
the whole construc- 
tion. The settlement 
question -and the 
social and hygienic 
relations of building 
and dwelling-house 
construction are also 
thoroughly gone into. 

A whole village 
owes its origin to the 
idea alone of repre- 
senting the influence 
which architectural 
progress has had on 
agriculture. 

The reinforced 
concrete hall may 
rank as the latest 
advance in the art of 
this form of construc- 
tion. A reinforced 
concrete hall, 113 ft. 
high, with a cupola 
having a 97-ft. span 


and carried by 16 

concrete pillars, is a further example of the applicability of this method of build- 
ing*, and finds its contrast and companion in an immense tower 4 ike building of 
iron, browned )vith a ball 19 ft. in diameter* 

^ Xfie exhibits illustrating^ tljie garden4:Hy: moveme in the scientific depart- 
nieht garden city 0^70 houses, which: are not temporary, 

. buUt m list * ■’ * 

T&e pl bhiefvbbiidi^ in tha! Exhibition consists of extensive industrial 

in them covers 23,500 sq, yds., to which 
exhibitions. Here also specialisation is 
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consistently carried out. There are exhibitions for architectural art, interior 
decoration, building materials, building equipments, sport, hospital building, 
and two exhibition buildings for the machinery industry. Between the industrial 
halls stand the buildings representing foreign nations, and the pavilions of the 
various guilds, states, and authorities. In all the building and dwelling-house 
exhibitions all hygienic as well as domestic demands have been carefully attended 
to. Special exhibitions have been erected for two branches of hygienics, and 
have aroused the widest interest — the protection of the workman at the building 
site and the whole question of workmen’s provision. The section for work- 
men’s provision enjoys the services o-f a group of eminent physicians and the 
support of the trades unions and the National Bureau of Insurance. The General 
‘Commission of the Trades Unions of Germany will erect a building in a form and 
condition calculated to show the devices adopted to prevent accidents, not only 
by means of models, but also in a practical manner. 

The town of Leipzig, within whose walls a large number of important 
congresses will take place this year, also contains many other objects of interest 
for the stranger. 

Objects of interest will also be afforded for many visitors by the 
inauguration of the Monument of the* Battle of Leipzig and the numerous 
features which will remind them of the historical days of a hundred years ago. 
The largest railway station in Europe, which is destined to cope with the 
enormous traffic, has also already opened its doors. 

Nor have the peculiar historic recollections called up by the thought of 
the Battle of Leipzig in 1813 been neglected by the Exhibition. A whole town, 
with streets, squares, and alleys, represented as they were in 1813, has been 
erected with the name “ Old Leipzig.” 



* Front View of Administration Building. 

The iNtBRMATioMAL BU11.DINO EXHistTiON, LsirJio. 
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EXPERIMENTS on the 
ADHESION OF OLD 
AND NEW CONCRETE. 


By HECTOR ST. GEORGE 
ROBINSON. 


The follovilng ts A Paper which V)RS published in ihe Proceedings ofihe InsUiuiion of 
Civil Engineers, ^nd is now given here in full by the k*nd permission of ihe InsUiuiion,— ED, 




In examining cracks in plain and reinforced concrete structures, usually caused by 
shrinkage and thermal stresses, the author has observed the frequency with which such 
cracks occur in places where concretting has been stopped for some time and then 
resumed. The difficulty of obtaining good adhesion or bond between new concrete and 
concrete already set is generally recognised by engineers, and various ^methods of 
treating the old surface before laying the new concrete are in vogue. 

With the object of terminating a dispute which arose m regard to the res])Oinsibility 
of a contractor for the efficiency of the joints in a fairly large reinforced concrete 
structure, the author carried out a series of experiments as to the relative efficiency 
o^ various methods of jointing concrete. The necessity of such tests was occasioned by 
the limited amount of experimental data available on the subject. 

In view of the great difficulty experiencxid in obtaining reasonably uniform results 
when fairly large concrete specimens were tested in dirwt tension, it was decided to 
test prisms by cross-bending. 'I'he apparatus required to carry out this typee of test is 
of an extremely simple description, and k was thus possible to make the tests under 
natural conditions in the field. 



c^inftiection with belong t^ts, it^is important to keep in view the fact that the 

edge of a bar of square or rectangular cross- 
^ in -direct tension. Ih the present case 

er nipture is used for comparative purposes only, 

ili; ; concrete prisms 30 in.* long and 4 in. square 

with 2inc. The prisms were tested as simple 
" I end dnd load^ at the other as shown diagramatically in 
joint to the point of application of the load was 20 in.. 
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and in arriving at the tensile stress at the joint the dead weight of the portion of the 
prism broken off was included. In testing, the prisms were reversed so that the top 
or tension side was the underside during moulding. The concrete was of uniform 
composition throughout and was made in the proportion of 2 cu. ft. of crushed Thames 
ballast, I cu. ft. of clean Thames sand to 45 lb. of Portland cement — practically a 
4:2:1 mixture by volume. The ballast was mostly crushed flint pebbles, all passing 
a J-in. mesh sieve and being retained on a i-in. mesh sieve, the average percentage of 
voids being 34. The sand was screened from the normal Thames ballast, the grains 
being i-in. and less, and the voids in this case being 31*5 per cent. The cement was 
to the British Standard Specification and was bought in the oj>on market. Its average 
tensile strength per square inch was as follows : — 

Neat, at i day ....... 243 lb. 

„ 7 days . . . . . . • . 625 „ 

,, ,, 2 months ...... 768 ,, 

It s-et initially in i hour 25 minutes, the final setting time being 4 hours 30 minutes. 
In mixing the concrete, 10 i>cr cent, of water was used, based on the total weight of 
the dry mait^rials. Five sets of prisms were made and the conditions as to mixing and 
storing were identical. 

To arrive at a basis for cxmifiarison, a set of six prisms (reference “ A ”) w<Te 
made without joints, these specimens being moulded and tested when twenty-eight 
days old. In the remainder, division hojirds of roughly-sawn spruce were fixed in the 
moulds 8 in. from one end and the first portion of the concrete was placed and well 
ranim<^. These sihort lengths w<*re allowed to harden for seven days, after which the 
face against which the new concrete was to hi' placed was prei)ared and the prisms 
completed, care l)eing tak(?n to well ram the new material against the old face. The 
finished prisms were then allowid to harden for tw(*nty-eight days, after which they 
were tested. 

Four distinct ty])es of joint were investigated. In series “ B ’’ the faces of the 
sev(*n days’ old concrete were merely wash-ed and well welted prior to the imposition 
of the new material. As these faces had bi'cn moulded against a somewhat rough 
soft-wood lioard tbew were fairly open and coarse, and the somewhat high efllciency 
obtained with these joints is due to this roughness. The faces in series “ C ” were 
roughened with a chisel, all the loose material cleantd away and the surface thoroughly 
wetted. In series “ D ” the faces were prq^ared first as in series “ C,” and wore then 
wasted over several times with a thick wash of semi-liquid neat cement grout, the 
new concrete being immediately applied. In the last series, “ E,” the faces were 
thoroughly cleansed with water and treated with hydrochloric acid. After the acid had 


Calculated Tension at Extreme Edge, Lb. per Sq. In, 
where / is the stress in lb. per sq. in., M the bending moment in inch-pounds, and z the modulus ot section. 


Series A. 
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Series E. 
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Roughened 

and 
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Face 
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A I 
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B I 
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C I 

194 
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B2 
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D 2 

-7- 

£3 

24$ 

A ^ 
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removed the cement to a sufficient depth to expose the aggregate and thus leave a very 
rough face, all traces of the acid were removed with stiff brushes and water and the 
new concrete was then applied. 

The results of the tests are tabulated in the accompanying table. Prisms A4 and 
B5 were defective, while prisms D2 and D6 broke outside the joint, therefore these 
cases have not been included in the table. All the other specimens broke wholly or 
partly at the joints, llic average efficiency of the various joints in the table is given 
in relation to the strength of the unjointed prisms. 

While these tests are somewhiiit limited in scop>e, it is evident that there is a w>n- 
siderable difference in the strength of the various joints. The value of roughening and 
grouting is clearly apparent. The joints treated with acid show a high efficiency, but 
the trouble and care necessary for the successful use of acid, especially where an . 
aggregate of a porous nature is used, is opposed to its adoption in actual practice. 
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SHUMAN’S CONCRETE PILE 
PATENT UPHELD. 


The following is the report of some proceedings of general technical Interest, heard at the 
Royal Courts of Justice, London. At the time of going to press an appeal has been entered. 


The case of^Simjjlox Concrete Pik*s, Ltd., v. J. and W. Stewart* came on for hearin^^ 
before Mr. Justice Neville on February' 4th and 5th. The action, was brouf'ht for 
infrinf^ement of Frank Shuman’s Letters Patent No. 9025** A.D. 1904, of which the 
plaintiffs arc the ref^istered proprietors, llie Specification had Wn twice amended. 
First, in view of J. Potter’s Pat<‘nt No. 1124 A. 13 . 1864, which describes a methotl of 
construct iiif^ piles by first sinking a tubular pile with a loose tip or point, fillin^^ the 
tube with artificial sitone com posit ion, and then withdrawinf^ the tube, the supply of 
fresh composition bcin^f ke^it up as the tube was withdrawn. The tip w'as left in'the 
fjiound and formed a foundation for the pile. The drawing shows a tip of the same 
diameter across the top as the tube. On this amendment the tirijijinail se(X>nd claim 
was cut out and a disclaimer inserted to restrict the first claim, which was of a broad 
nature. By the leave of th-e? Court, a second amendme-nt was made, by which the 
first claim was abandoned; and the orif^inal third claim is now the only otne. With 
certain abbreviations, the Sp<M'ifi'Cation now stands as follows, the claim beinf^ ^iven 
in full : — 

The invention relates to that method of the pile, as a whole, is cylindrical or of the 

forming piles of concrete or cement which same width throughout, or tapers from top 

consists in first driving a preparatory pile to bottom, the improved pile being also 

into the ground and then withdrawing the capable of easy withdraw'al, owing to the 

said preparatory pile and filling the open* fact that the ix)int or end-piece 3, remains 

ing formed thereby with concrete or cement at the bottom of the oi>ening, and the tube i 

in a fluid or plastic condition which, when is free from any material contact with the 

it becomes set, forms the permanent pile. walls of the opening above the said r>oint or 

The object is to fill the openings with con- end-piece. 

Crete or cement in a better manner than After the said preparatory pile has b^n 

heretofore and produce a better pile. In the driven to the proper depth, the concrete^ or 

accompanying drawing, Fig. i is a vertical cement is passed into its interior, and when 

section illustrating the method of forming a sufficient quantity has accumulated at the 

the opening in the ground by means of a bottom of the tube above the point, the tube 

preparatory pile, and Figs. 2, 3 and 4 illus- is withdrawn, either slowly and continue 

trate successive stages in the formation of ously or intermittently — a little at a time, 

the permanent pile. and, during such withdrawal, the supply of 

The preparatory pile consists of a metal concrete or cement to the interior of the 

tube I, provided at its top with a driving tube is effected intermittently^ so that the 

head 2, and at its bottom with a point or concrete or cement will escape into the open- 

end-piece 3, which is detachable from the ^ng above the point 3f as shown in Figs. 2, 

tube I, and is, in the example illustrated, of 3 and 4, until by the time the tube i is 

greater diameter than the said tube, with completely withdrawn, the opening will be. 

the object that the said tube i, shall not filled with concrete or cement, 

come into cont.'ict to any material extent When the opening is formed in wet 

with the walls of the opening formed by ground or beneath water, the concrete or 
driving the preparatoi^ pile, so that the cement is introduced into the tube or hollow 

said pile can be driven without the exces- stem at such a rate as to always maintain 

sive friction which results from the contact a head of concrete or cement at the bottom 

of the earth with the sides of the pile, when thereof so that water cannot gain access to 

* Reported by Douglas Lebchmam, A.I.M.E.. Barrister-at taw, 

** Official itidicatioQ of the two ameiidinents. 
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the interior of the tube, but will be dis- 
placed upwardly as the concrete or cement 
escapes from the lower end of the tube and 
into the opening outside the tube. 

By this means caving-in of the walls of 
the opening, when such opening is formed 
in unstable ground, is effectually prevented, 
and the concrete or cement pile, when it 
becomes ^t, is a homogeneous structure 
possessing the needed strength. 

The point 3 can be made of any desired 
shape and of any material which will with- 
stand the shock of driving, preference 
being given to a point of concrete which 
may, if desired, be sheathed with sheet 
metal, except at the top, or be internally 
reinforced to strengthen it, as the plastic 
concrete or cement of which the pile is 
composed will take a better hold upon such 
concrete point than upon a metal or other 
point not affording so good a holding sur- 
f ace. 

Although the invention is described in 
connect ioi^ with a preparatory pile provided 


with a cap and a detachable point, the 
method of forming concrete or cement piles 
may be employed in connection with the 
use of any suitable hollow preparatory pile 
open at the bottom for the escape of the 
concrete or cement therefrom as the said 
preparatory pile is withdrawn, but is limited 
to cases in which the hole made by the 
preparatory pile is of larger diameter than 
that of the greater part of the tube or stem 
of the pile. 

('laim, — The method of forming con- 
crete, or cement (sic) piles, which consists in 
providing a hollow pile with an enlarged 
and detachable point or end-piece, of con- 
crete or other material, or materials, sinking 
the said pile into tl^ ground to form a hole 
larger than the pile stem, then slowly, or 
intermittently withdrawing the said pile 
without its said iioint or end-piece, and 
filling the hole above the said point or end 
piece with concrete, or cement during such 
withdrawal, and then permitting the con- 
crete, or cement to set, substantially as here- 
inbefore explained. 


The essential characteristic of the invention, therefore, is the makinj^ of the shoe 
t f larger diameiter than the tube; in praetke it is made about 1 in. larger. 

For a time the Defendants w<»re licensees under the Patent, but now the Plaintiffs 
act as contractors them selves. In their de-fence Messrs. Stewart relied partly upon 
Potter’s early [jatent and partly on a tubular well which had been sunk with a p>oiii.ted 
bottom and perforated lower ends. In the course of the work a large tube had been 
driven down and gravel, etc., extruded from it to form a filtering material. 

In the result, Mr. Justice Neville held that there was sufficient subject matter to 
support the patent, and that the Defendants had infringed. Accordingly he gave 
judgment for the Plaintiffs, granting them the usual relief, including an injunction 
against the infringement of the Letters Patent, damages and costs. By the consent of 
the Plaintiffs the injunction was suspended in respect of contracts already accepted by 
the Defendants provided notice of appeal was given within fourteen days. 
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By B. I. WELLER. 

The Ninth Convention of the Naiional Association of Cement Users took place in 
December Iasi, and quite a number of interesting papers :v>ere again read, of •which •we 
reprint the fpllovjing one in abstract form* Further papers •will be printed in subsequent 
issues* —ED* 


EARLY HISTORY OF GRAIN ELEVATORS. 

Elevators as a mean«s of housing and handlinj^ j^raiin did jiot make their appearance 
until the latter part of the last cjcntury. The lirst rml elevator of which there is any 
record is the “ cribbed ** wood tyi)e, and there are still a good many of these houses in 
existence. This old type is interesting when it is considered that at one time an 
elevator of nearly four million bushels capacity was erected complete, and almost 
totally filled with grain, in a period of forty-four days. Of course, lumber was plentiful, 
and no expense was spared and no restrictions put on the builder except to gain time. 
As the price of lumber advanced, it became necessary to caist about for other kinds of 
material with which to build, the elevator operator and owner seeking for a material 
which would appreciably lower the insurance rate, which was very high on wood. 

. The first fire-resisting elevators were built of stieel, practically On the same plan as 
the old wooden structures, which were rectangular in plan and had cribbed bins elevated 
on posts and usually arranged to suit unloading conditions. Up to this point all storage 
and handling devices were carried under one roof, but it was then demonstrated that 
all machinery for unloading, handling, and shipping could be more economically 
installed irt separate buildings called the working house. This was accomplished by 
having two or more parallel tracks alongside of the house for unloading, thus shorten- 
ing the house and necessarily making it more economical; a separate building for 
storage being erected having larger compartments than in the working house. At 
about this time there came into common use, in the construction of elevators, brick, 
tile, and concrete, which will be dealt with later. 

CLASSIFICATION OF GRAIN .ELEVATORS. 

Orain elevators in general may be classified under the following heads : Terminal. 
Transfer, Country Line Houses, Private or Hospital. Of the above-named classes 
the Terminal is by the largest. This type of house is to- a*greater or -less extent 
uniiiir the superviskwii ol the Government, both as regards the classification of the 
citlffere^: hinds ^ grakt end also the weights of same. 

Terihihiil they are usually situated on a lake or ocean 

direct from the farmer or through their line or 
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Wh€in grain is received by a terminal house it is given a ginade by the inspectors, 
and either stored awaiting future delivery or is shipped direct by boat or rail, usually 
the former. Part of this grain may have to go through different processes, such as 
bleaching, drying, or cleaning. The cleaning and drying when necessary, of certain 
portions of this grain, is generally absorbed by the operaitors of the house. 

Terminal hous<*s are usually controlled by grain firms, who also have Ibcir own 
line and country houses. Th'csc country houses vary in size from 10,000- to 50,000- 
biishel storage rapacity, and are placed along railroads throughout the country where 
the grain is grown. These houses, after receiving the grain from the farmer, ship 
direct to their terminal house. 

METHOD OF HANDLING GRAIN. 

It may be interesting to give an idea of how much work c^n be done by some of 
the elevators which have lately been conslructcHl. The ('anxidian Stewart Company 



Terminal Elevator, Fort William, Ontario, for the Grand Trunk Pacific Railway. 


recently constructed a reinforced concrete elevator for the Grand Trunk Pacific Railroad 
(Company, at Fort William, Ontario. In the track-shed of this elevator there is room 
for spouting over the receiving pits, twenty cars ait one time, and in a double shift of 
twenty hours it is possible to unload over 600 cars of grain. A boat which can. carry 
a cargo of 400,000 bushels of wheat can be loaded at this elevator by means of five 
dock spouts in about three and a-half hours. This house is equipped with nineteen 
cleaning machines, each one able to clean high as 3,000 bushels per hour, and in 
the dryer house it is possible to dry about 2,000 bushels per hour. There are also 
nineteen elevator legs in this house. Most of these legs have a capacity of elevating 
18,000 bushels per hour eadh. There are ten 2,000-bushel hopper scales, and it is 
interesting to note tbht each hopper can be filled, weighed, and unloaded in a }ittle less 
than three and a half-minutes. The total capacity of this house is a little less than 
three and three-quarter million bushels, of which the working house. capacity i^ about 
tiiree-quarters of a million bushels storage capacity. 

In regard to power for these elevators, it may be said that, almost without eac^ 
tion, all up-to^ate houses are now equipped with individual motors for the diSerent 
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machines, conveyor telts, etc. This has been priA’eri more satisfactory as to service 
and also is more economical. 

Rubber belting of a high grade is used both for conveyors and elevator legs, and 
in transmission manilla rope is used, both gears and belting having become obsolete, 
the former principally on account of the noise and the latter on account of slippage. 

In regard to marine towers, the above-mentioned firm recently erected for the 
^^^ashburn-Crosby Company, of Buffalo, a tower which was cylindrical in form and 
i6o ft. in height. This tower was equipped with marine leg, which is by far the fastest 
cn the great lakes, being able to uniload a complete cargo of grain at an average speed 
of 22,000 bushels per hour. The tower, of course, also contains automatic scales, and 
delivers the grain direct to the company elevator by means of conveyor belt running 
through a tunnel. , 

MATERIALS USED IN CONSTRUCTION. 

The different materials from which elevators have been built are as follows : Wood, 



Interi<^ View. 

Terminal Grain Elevator. Fort William, Ontario. 


Steel’, brick, tile, and concrete. These have been named in the order in which they 
came into general use, and at the present time few elevators are built of any material 
save concrete. Wood was found to be very expensive when insurance rates were taken 
into consideration. Steel is a high conductor of heat, and there is on record an instance 
where four box cars, lying in a track-shed, caught fire, resulting in the wrecking of 
a steel house of over one-half mi'.lion. bushels capacity. 'Fhe steel walls of the storage 
tanks were, of course, very thin, offering fittle resistance to fires due to the burning of 
adjacent bulldingis, and so much of the grain would be damaged due to excessive heat 
tliat steel hajs been Impracticable. 

. There b^ve been g^feat many elevators constructed of brick, but it is usually too 
oh account df ,t|%,waHs having to be made so thick in order to suit reinforcing 



i of years, and even now and then elevators are built of 

! fault to ‘be found wkh this^ material is that it is hard to ensure 
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The first concrete elevator was built in 1902, and as soon as the tanks had been 
filled with grain several of them burst. This naturally retarded the use of concrete for 
two or three years. However, after one or two concrete elevators had been erected by 
well-known firms, the elevator owners regained confidence in this material. For some 
time concrete was used only in foundations and in the storage annexe, steel or wood 
being used throughout the working house. I^ter on storage bins in the working house 
and the columns supporting same were made of concrete, and only the cupola, which 
is that part of the elevator above the tanks, was built of steel. 

It has been clearly demo-nstraUxi that there is no better material for protwting the 
grain than concrete, cn account of its being a poor conductor of heat <»- cold, and, 
being denser and fre<*r from porosity than eith<‘r tile or brick, it has greater water- 
proof qualities. 



Tkrminal Elevator, Fort William, Ontario, for the Grand Trunk Pacific Railway. 


Another point in favour of concrete construction is the low cost, due to the fact 
that there is practically no skilled labour required in the construction of the modern 
elevator. 

METHODS OF CONSTRUCTION. 

The equipment for handling concrete in the modern elevator diflfers very little from 
the methods used in placing concrete in any other building, with the exception of the 
forms, in which great advancement has been made in the last few years, the forms for 
the foundation, of course, being stationary, •but all forms above the foundations are 
movable. These forms are made of 2-in. plank, surfaced on one side and two lodges, 
and the form over all is about 4 ft. 6 in. in height. Alter the foundation has b^ 
completed these* forms are set over the whole area and filled with ooncreite in lay^ of 
about S in. thickness. The raising of these forms is acootnplished by a sed:^ of jacjcs, 
in which there are from six to eight on each tank, or, if they are used on straight walls* 
they are placed about 5 or 6 ft. apart. These jacks are set in a yoke which is a frarne> 
work of steel and is connected to the wooden forms. Through ea(dh jack thete is, a 
jacking rod about 1 in. in diameter running vertically. To Of^ate the jacks a 
placed in the socket, causing a screw to turn which, if turned to the right, Of ts the 
forms, and if turned to the left, the jack Itself climbs the jacking while the forms 
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remain stationary, being supported by the two adjacent jacks. By reason of the rod 
passing through the jack, the load is applied concentrically, and leaves no tendency 
for the forms to bind. These jacking rods are placed directly on the top of each other, 
and no dismantling of the forms is required when additional rods are added. These 
yok&s are connected by means of trusses, and these, in turn, support the temporary 
floor for the convenience of the working men and permit easier handling of material. 
This continual moving of forms does away with the horizontal rings and discolora- 
tions so often to be seen in the first concrete elevators. This type of form also has 
greatly reduced the cost over the stationary forms used originally or the primitive 
jacking system first adopted, which was accomplished by jacking from the ground all 
the way to the top of the elevator. 

In the working house the girders, where required for floors, are poured simultane- 
ously with the walls, <t<ie floor slab generally being put in later. This is done so as 
not to impede the progress of the wall forms. In reinforcing the tanks flat bars are 
used, being placed midway between the forms and at equal interv’als, the difference in 
piessure below and above being taken care of by the size of the flat. The jacking rod 
on which the forms are raised is also part of the vertical reinforcing, and similar rods 
placed between the series of jacking rods form the balance of the vertical reinforcing. 
The tanks are always laid out in parallel rows. Contacts must be provided for, and 
this is generally arranged by a system of ho^izonital anchors and additional concrete in 
the interstices. This arrangement of bins leaves the space between the different tanks, 
which is called an interstice bin. 

As the elevator is usually placed on the water front, and as its elevator boot tanks 
and receiving pits are necessarily some distance below grade, there is generally waUr- 
proofing to be taken into account. This is usually accomplished by means of the 
membrane system of waterproofing. 

In regard to the balance of the construction, it is so nearly allied to other branches 
of reinforced concrete building that it is needless to go into further detaMs. 

In conclusion, it is fair to add that the modem elevator has been and will continue 
to be a great factor in the upbuilding of north-west and also western Canada, and, in 
conjunction with the railroads, the elevator has been responsible for the steady crop 
increase, until it is safe to predict that in the next half decadei the wheat crop of 
Canada alone will exceed 500,000,000 bushels per annum. 
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It is OUT intention to publish the Papers and Discussions presenied before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes* 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure* — ED* 


THE CONCRETE INSTITUTE. 

.CONCRETE IN ITS LEGAL ASPECT. 

By W. VALENTINE BALL. 

'the folUnving is an abstract of a Paper* which 7vas read at the Ordinary General 
Meeting of the Institute on January gih, iQiJ* 

PRELIMINARY. 

In his opening remarks the author pointed out that there wore certain difficulties 
in the presentation of this paper. There is no statute law which is specially applicable 
to the subject in hand, and of reported cases relating SfHJcially to concrete there are 
none. Nevertheless, there are certain aspects of the law relating to building and 
engineering contracts which may be of interest to membtTs of the Institute, There 
are a few considerations which may properly be kept in view by the parties to a con- 
tract which involves the uso of concrete or reinforced concrete. 

In the course of the pap<ir the tc^rm “ employer” is to stand for the local authority, 
compiiny, or person who requires the work to be carried out. The term ” contractor ” 
will signify the firm of contractors or builders employed directly by the employer, while 
the term “ sub-iontractor ” will include any firm or company which is employed to 
carry out some portion of the work under a sub-contract. 

GENERAL OBSERVATIONS ON THE EMPLOYMENT OF A SUB-CONTRACTOR. 

In carrying out a large contract the employment of sub-contractors or specialists 
is very common ; indeed, the employment of sub-contractors is almost inevitable when 
the work in hand is of any magnitude. 

Generally speaking, where there is no stipulation against sub-contracting a con- 
tractor may employ sub-contractors. The rule is, however, subject to the qualification 
that it does not apply when the employer reasonably and naturally looks for the 
personal service and attention of the contractor. Thus, if the work in hand were of 
a highly special character, it would not be competent for the contractor who was skilled 
in that class of work to hand over its performance to some one else. - 

The following clause may be inserted if it is desired to ensure that the contractor 
shall carry out all the work himsedf ; — 

“ This contract is and shall be consideaed as a personal contract by the contractor 
himself, who shall personally, with the assistance of skilled foremen, agents, mechanics, 
and workmen, direct and execute the works.” 

The more approved practice, however, is to leave it to the engineer to whether 
and how far sub-contractors may be employed. The following clause, which is to be 
found in the model conditions approved by the Institute of Electrical Engin^rs, thay 
safely be used : — . , 

“ The contractor shall not, without the consent in writing of the engineer,' asdgn 
his contract, or any substantial part thereof, nor under-let the sathe, or any suMantiai 
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part thereof, nor make any sub-oontract with any person or i>crsons for the execution of 
any portion of the works, other .than for raw materials, for minor details, or for any part 
of the whole of which the makers are named in the contract.*’ 

Another form of clause prevents the contractor from making a sub-contract with 
any workman or workmen for the execution of any portion of the work, except with 
the consent of the engine<T. It also provides that if the contractor shall sub-let or let 
at task work any portion of the work he shall in such case forfeit to the employer the 
sum of £ioo as liquidated damages. 

WHO IS LIABLE TO PAY THE SUB-CONTR ACTOR ? 

A most important question from the point of view of the sub-contractor is, Who 
is liable to pay him ? He naturally wantu to be sure that his laibour will not be in vain. 
Generally speaking, the employer is not ffable to a sub-contractor, unless an agroement 
between them can be prov^. Such an agreement will not be implied from the mt^ro 
acceptance of the sub-contractor’s work. For instance, whttre an employer contracted 
with a builder to do certain work on his house, and a tradesman supplied goods to the 
builder for use on the house, it was held that the emi)loyer was not liable for their 
price (see the case of Hrahmah v. Abingdon, cited in Paterson v. Gandasequi, 1812, 
15 East. 62). The employer does, howevi-r, become liable if it can be shown that there 
is a contract between him and the sub-contractor. 

An employer ihay also become liable to a sub-contractor by going surely for him. 
in that case, however, there must be something in writing, as a contract of guaranty 
cannot be sued on unless it is in writing. But there is a difference between a promise 
to pay the debt of anothen- and a direct piximise fo be liable oneself in’ any event. In 
the latter case a written contract need not be proved. Thus, if the employer promises 
to pay the sub-contractor out of monies which he has to pay to the head contractor, 
this would be treated as a direct promise to pay (Dixon v, Hatfield, 1825, 2 Bing. 470). 

There is another way in. which the employer may become directly lifible to a sub- 
contractor. It may be proved that the head contractor, in employing the sub-contractor, 
really acted as the agent for the employer. The onus of proving this will be on the 
sub-contractor (see Woodward v. Buchainan, 1870, L.R. 5 Q.B. 2S5). 

llie question, Who is the sub-contractor to look to for his remuneration? therefore 
turns upon the conditions of his employment. 

The question of liability largely depends upon whether the conlractor was con- 
stituted the agent of the employer to employ the sub-contractor or to purchase g<M>ds 
from him, and to establish privity of contract betwwn the emploj^er and such sub- 
contractor. Where the defendant (a building-owner) entered into a contract with a 
builder by which the latter agreed to build a house for him under the supervision of 
an architect, the contract provided that the provisional sums for goods to be ordered 
from special artists or tradesmen should, as the architect should certify, be payable 
by the builder or the building owner. 


WHERE THE CONTRACTOR BECOMES INSOLVENT. 


Trouble frequently ari^s in cases where, owing to the inisolvency of the builder, 
the sub-contractor is compelled to look to the building-owner. He often makes such a 
claim without avail ; but by meaas of a special clause this difficulty may be obviated. 

HOW FAR THE CONTRACTOR IS LIABLE FOR THE DELAY OF THE 

SUB-CONTRACTOR. 


If an employer reserves to himself the right of employing specialists to do any 
portion of the work on a large contract, he d^>es not thereby give any implied under- 
taking to the head contractor that he will be responsible for any damage caused to the 
builder by any delay or default on the part of tii specialists. 

As a general rule^ however, the suftcontract amtains a clause to the effect that 
/Vithe sub-^contractOjr shall pay to the contractor a certain sum as liquidated damages, 
by Wtflty .per day for each day after the day of 

tiije work ^ fished or complete, and it shail be lawful for the said" 

out of any nioney payable tonhe sub-contractor.” 

''<raR 8UB.CONt^CTOR FOR DELAY. 

i ™ completing the work he has under- 

on .tiDe terms of his contract with the head contractor. If 
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hi does not know that the head contraetor has undiertaken to do the work within a 
5|:>ecified time he will not be liable foo: the damages claimed and recovered by the em- 
ployer for delay; but it is otherwise if it is shown that he knew what would be the 
consequences of delay. To quote the case of The Hydraulic Engineering Co. v. 
McHaflfie, 1878, 4 Q.E.D. 670, the plaintiff company contracted with an emplovor to 
make a pile-driving machine. The defendant was employed to make a part of the 
machine and to deliver the same by the end of August, when, as he knew, the plaintiff 
company had to make delivery to the employer. The defendant was a mtmth late in 
making delivery of his part, with the result that the employer refused to accept the 
whole machir.te. As it was of p(‘culiar construction no market c-ould be found for it, 
and it was therefore sold as old iron. It was held that the plaintiffs w'ere entitled to 
recover the profits which the)' would have made on the sal<‘ to the employer and the 
expenditure thrown aw'ay on the other parts of the machine. From this it may be 
inferred that any sub-contractor for the execution of a portion of a contract for large 
wofks may find himsedf cast in very considerable damages if he is guilty of delav. 

USE OF MATERIAL ON THE SITE. 

It may well be that in some cases the builder or other person who has to provide 
concrete will find c'l large bed of gravel or other useful material on the site. How far 
can he use it in the fulfilment of his contract ? 

An obligation ui)on a contractor to clear avv.'iy old materials does not necessarily ' 
vest those hiaterials in him. Again, where a contnictor is bound by his contract to 
excavate, the materials <‘xeavated do not necessarily vest in him. On the contrary, if a 
contractor make use of materials supplied fo him the em[)loyer may set off their price 
against the amount due under the contract. For instance, in one case the plaintiff 
contracted to do certain work for the defendant and to find th(' materials. The defendant 
suf>plied part of the materials which the plaintiff made us€‘ of in tlio work. It was 
held that the defendant was entitled to dtduct the value of the materials supplied by 
him from the contract price (Newton v. Forster, 1844, 12 M. and W. 772). 

The importance to the employer of some clause dealing with old materials lies in 
the fact that if noithing is said about them the contractor may remove them. Having 
removed them he may sell them. In that case, if he were to become bfinkrupt, the 
employer could not get the g<X)ds back, but would be relegated to his right of proving 
for their value in the eontractcr’s bankruptcy. 

Where lh(* contract for erecting a building or executing other works makes no 
reference to old mat<‘rials, it .s.(x*ms that the contractor will be under an implied obliga- 
tion to clear them away. There is no Engli.sh case directly in point, but the principle 
has been, laid dowm in several .American cases. 

IMPORTANCE OF PROVIDING FOR THE REMOVAL OF OLD MATERIALS. 

It is well for every contractor w^ho has undertaken works which involve the 
clearance of a site to take care that he is adequately protected. The removal of a 
large mass of concrete would be a long and costly operation, while to remove reinforced 
concrete, knit together with ribs of steel, is* the labour of Titans. When the time 
arrives for the remov’al of modern buildings it is clear that the contractor must needs 
regard clearances .as a very important item when considering the amount of his 
tender. 

EXPRESS PROVISION FOR MATERIALS ON SITE. 

In drawing his specification the architect often inserts a clause to the following 
effect, “ Materials on the site to be used as far as possible.” If a tender fs made by 
a contractor on the basis of such a specification the architect should take care to 
ascertain w^hether the contractor has made deduction in respect of old materials. 
If the contractor, having made no deduction, uses any of the materials the architect 
may set their value off against the contract price; and even if the contractor has 
made a deduction, but has not informed the architect of the fact, there may still be 
a set-off. 

CLAUSE TO PROVIDE FOR THE USE OF OLD MATBRlALO. 

The following is a convenient form of clause . 

“All materials upon the site or upon the space to be covered by the ]^ildings' for 

contiact works! at the date of the contract, and all materials and things excalvated by the 
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contractor from the works, shall remain the property of the cmi)loyer until paid for by 
the contractor. Such of them as shall be approved by the architect for the purpose of the 
works shall be paid for by the contractor at a price to be named in his tender or, if not 
named, to be ascertained by the architect, and all other materials shall be removed by the 
contractor from or deposited, stacked, or spread cn the site as, where and when directed 
by the architect.** 

This clause may properly be inserted in. a contract which involves the making of 
concrete, because it is necessary that gravel, etc., to .be used should be approved by 
the architect. 

PROVISION FOR WATER. 

Another question of importance is the provision of an adequate supply of water. 
Where there is a good supply at hand in the mains no difficulty ne^ arise. The 
question will simply be, Is the employer or the (X)nitractor to pay the water rate during 
the work of construction? But if there is no municipal or other supply the difficulty 
may have to be met by sinking a well or pumping from a lake or river. Suitable 
clauses must be inserted in the contract to place the burden of pumping or well-sinking 
on the right shoulders. 

RIGHT TO REJECT MATERIALS. 

It is important to consider the question whether the architect has the right to 
reject improper matc^rials when brought on to the works. In this regard the provisions 
of the R.I.B.A. form appear to be fairly satisfactory. 

SUPERVISION WHEN CONCRETE BEING LAID. 

Concrete is a matter which may require some supervision on the part of the 
architect. To cover up wet concrete may involve serious disaster, and it secerns that, 
in the conduct of ordinary building operations, it is the duty of the architect to attend 
to this matter ; although in some respects he is an arbitrator, he is also a scr\^ant to 
the building-owner or employer. 

“ There may, of course, be many things which the architect cannot be expected 
to obser\'e whilst they are b(*ing done — minute matters that nothing but daily or even 

hourly watching could keep a chec-k upon But he, or someone representing 

him, should undoubteddy see to the principal parts of the work before they are hid 
from view, and if need be he should require a contractor to giv<‘ notice before an 
operation is to be done which will prevent his so inspecting an important part of the 
work as to be able to give his certificate upon knowledge, and not on assumption, as 
to how work hidden from view has been done.” 

So much for the liaibility of the architect. In a case where there is no architect 
employed the problem assumes a somewhat simpler aspect. The builder then acts as 
skilled adviser, as designer, and as sujjerintendent of the building. 

DEFECTS AFTER COMPLETION. 

The author stated he had not sufficient technical knowledge to know whether con- 
crete or reinforced concrete is liable through the mere lapse of time to deteriorate, 
rake, for instance, the case of a concrete archway. Suppose that it develops a crack 
wit/hin six month® of the date of completion, and the contract is silent on the question 
of liability — what is the legal position ? The mere fact that the employer has accepted 
the bridge and paid for it would mot amount to a waiver of his right to damages if the 
bridge failed through some fault for which the contractor was responsible. 

For instance, in one case the plaintiff, a shipowner, bought copper sheathing of 
the defendant, a copp^. manufacturer, and the copper was put on the ship, which 
sailed ; but the copper, instead of lasting four or live years, as usual, corroded in fo*ur 
or five momths and became uniit. It was held that the plaintiff could recover damages, 
notwithstainding the acceptance (Jones vl*6righit, 1829, 5 Bing. 533). 

Flirt, her;, payment, of, or judgment for, the contract price is no bar to claim by 
the etnployer f(^ def^ive work, nor for damages arising out of the breach (Davis v. 
Hedges^ 6 JJ.B. 687). 

Q|r JIliAVING A TIME LIMIT TO LIABlLltY FOR DEFECTS. 

the of the cc^ractor who has to put in concrete, it is best to 

ppt:a hiejtabiliity by an expre^ clause in* the contract, because where 

approval of the, employer or his architect, the expres- 
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sion of that approval will prevent any recovery by him for patent defects subsequently 
discovered. 

Wh-^e the contract is silent in the matter, the measure of damages for incomplete 
or defective performance is what it would cost to rectify the defects or omissions at the 
date when they might have been discovered, or when the particular part of the work 
wa& completed. 

Apart from the terms of the contract, it is manifest that the contractor could not 
by any possibility be held responsible for defects arising in the course of time from wear 
and t^r. But if there is a structural defect which ought to have been detected and 
put right when the works were in hand, it is conceived that the contractor remains 
liable for that. 

UNFORESEEN DIFFICULTIES IN CARRYING OUT THE WORK. 

There is one matter to which the contractor who has made himself responsible for 
the laying of a large bed of concrete must pay particular attention. TTie employer will 
endt^avour to put upon the contractor the entire responsibility for the site — the nature 
of the strata to be met with when making excavations and their capacity to support 
the intended structure ; and he will also seek to put upon the contractor the responsi- 
bility of estimating how much material will be necessary to complete the work. 

It is a well-established principle of law that in the performance of an ordinary 
building agreement or other contract for works, the risk of possibility of performance 
is on the contractor. (Thorn v. Mayor of London, 1876, L.R. i A.C. 120.) 

The principle of Thorn v. Mayor of I^ondon was long applied to excuse employers 
in cases of a similar kind; but a more rAent case has shown that the disclaiming 
clause will mot necessarily relieve the emploi\'er. If he puts forward plans, etc., as 
showing the nature and extent of the work, he may be held liable if those plans were 
false to his knowledge or were put forward recklessly without proper inquiry as to 
whethfT they w<Te true or false. 

CLAUSES DEALING WITH CEMENT. 

Certain points seem to require attention in contracts relating to the supply of 
cement. Thus, provi^on must be made for testing by a person resjx)nsible to the 
employer, and for suitable accommodation in a dry place. In the cxise of a very large 
contract it may be necesisary to erect a special building for the storage of cement until 
it is required for use. In that case it will ibe necessary to specify who is to erect the 
building. 

CONCLUSION. 

In concluding, the author remarked that after bis paper had appeared in print, 
he had received a copy of Messrs. Scotl-Fraser’s specification of reinforced concrete 
which was published in iqii, and contained some general and preliminary clauses. 
This spcx:ifi'cation, the author remarked, appeared to be drawn in a form which might 
be usefully adopted by those who have to carry out this kind of work. 

Before opening the discussion the President read a letter fro-m Mr. Percy Waldram, F.S.I., 

Extract from Mr. Waldram'* s Letter. 

“ Mr. Ball’s interesting and valuable paper would appear to have omitted one point, 
which might possibly be of the greatest jiossible imjjortance, viz : 

“Who is responsible in the event of failures due to overdaring design? 

“In many cases where reinforced concrete is used the engineer or architect is not in a 
position to check the calculations. He employs a 'specialist firm to design uad calculate the 
work, receives from them a price, and instructs the general contractor to, give them the order. 
The latter merely carries out that instruction. In due course the specialist firm send on to the 
work, not their own workmen, but the iv^tkmen of^a second sub-contractor employed by them. 
In the case of a public contract not long, ago, the Local .Government Board Inspector asked whe 
would be responsible for the accuracy o.f the calculations. The prospective ood^^raclor in 
this case a licensee of the specialUts’ system. He promptly disclaimed respowib^ity for 
calculations which he had never seen, and could not follow if be .had* local engin^ef 

said the same, whilst the*specialists replied' that they were employed to design loxdy;, : and 
if they designed in accordance with ordinary practice their respbnsibiltty *wa^ at lur etid'; (they 
were not parties to the contract, and had no more responsibility than the. local engiintef.* * . ' 

** Probably all three were perfectly correct, but the members of the local .Council wwe.adt 

impressed. *' , 
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** It U not always easy to get proper calculations. 

Still more difficult would be the case where a failure occurred with regard to some 
of the matters upon which we are still somewhat hazy. Even the R.I.B.A. Reports and the 
proposed L.C.C. Regulations are almost entirely silent with regard to double reinforced 
beams. 

** Possibly Mr. Ball could suggest some form of undertalcing which would fix the responsi- 
bility for reinforced concrete work upon the shoulders of the specialist firms who design it, 
and upon their sub-conitractors who carry it out, an^ also state whether that undertaking could 
be a joint and several one, and for how long it would operate in the event of -no time limit 
being stated.*’ 

DISCUSSION. 

Mr. A. Albma M, Scott, M.S.A,(M.emheT of Council C.I.), said Mr. Waldram’s letter raised 
some of the most important poiivts that can be raised with regard to reinforced concrete work. 
The usual custom in budding contracts has been, and is being, unfortunately entirely departed 
from in reinforced concrete work. 

He said there were five methods specially in vogue at the present time where the reinforced 
concrete specialist came in, and, after dealing with them in detail, said that with the various 
cases quoted as to sub-contractors it is placing both the architect, and eventually the building 
owner, from a financial point of view, in a most extraordinary position, because he at least, 
as a layman, has no idea where he stands at all. 

The only thing that would appear to cover him is the usual clause in the l^.I.B.A. form 
with regard to sub-letting, which is a very short and concise clause. It simply says that the 
contractor shall not sub-let without the architqpt’s written sanction. 

So far as the builder and the sub-contractor are concerned with regard to penalties, the 
Master Builders* Association have a sub-contractors* form which is based on the R.I.B.A. 
form, and it there gives in the form of a schedule the whole of the main contract so far as it 
applies to the sub-con<tractor, and the sub-contractor has a right to inspect the main contract. 
It is a very good contract. 

In the course of the paper it is stated that the architect should require a contractor to 
give notice before an operation is to be done ; it will prevent his inspecting the important part 
of the work, in giving a certificate on knowledge and not upon estimation. In reinforced 
concrete work, unfortunately, every part of the work is hidden which is of importance, and 
even if an architect spent the whole of his time on the job he would have to have a dozen 
pair of eyes and a dozen personalities on a fair-sized job. 

Mr, W. G. Ptrk/iij (District Surveyor for Holborn; Member of Council C.I.) : In the 
early part of the paper it is stated there is no s>tatute law which is specially applicable to the 
subject in hand. There are the London Building Acts proposed regulations which would 
govern reinforced concrete, and the bye-laws governing concrete in foundations in I.x>ndon, 
in foundations outside of London, and the construction of walls in London. 

Looking at the paper from the official point of view, it would be very interesting if the 
author would express his views as to the contractor’s jiosition with regard to this Building Act 
and the bye-laws just mentioned. Many instances similar to the following one have come to 
his notice. The specification furnished by the architect described certain concrete for a wall 
to be composed of one part of cement to six parts of aggregate. The bye-law requires concrete 
for the work in question to be one part of cement, two parts of sand and three parts of 
aggregate, and the local authority (the speaker in this case) insisted upon the work being done 
accordingly. One of the conditions of the contract stated that the whole of the work was to 
be in accordance with the bye-laws, and to the satisfaction of the local authority. In such a 
case, can the builder, having regard to this clause, claim an extra payment for the additional 
amount of cement used, for the sand, and for the extra labour in mixing the concrete when 
composed in accordance ‘with the bye-law? — that is to say, he has to handle three materials 
instead of two. 


, JflV PlaMdii* quoted a number of Building Acts and Bye-laws where concrete or 

relnloijiM cqncrete aire, mentioned in m ambiguous way. 

; Membjer of Council C.I. (District Surveyor for the 

what he thought waa the position to-day ,oI the architect who 
cannot 'supervise. There was the case of a floor not*a 
plaee with a certain amount of steel woffc. The proper amount of 
; .for. At the end of the job a certain amount of steel was carted 

the'iurplds was, come by. After some searching it was 
A wholo bay of concrete, a ty-ft. span, and not one iota of 
arefcll^ct >reaponilble f^ that? Now H has been discovered, it is 
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going to be put right ; but, had it not been discovered and an accident had happened, surely 
the architect would not be responsible for it? 

Mr, H€fb 0 rt Sh9pk9rd, A,R,LB.A,, said he did not agree with Mr. Etchells or 

Mr. Hills. If they looked back to the ’fifties they will see that at that time concrete was 
being advertised and was being dealt with then in a very large way all over the country as 
the **new material.” They were actually building concrete houses in the North of England 
at that time. The 1855 Act originated out of a request to the Government of the day by the 
Royal Institute of British Architects to assist them in reforming what was then called ” The 
Metropolitan Building Act,” and it was with their assistance principally, and with the aid 
•of the Royal Institute, that those draft regulations were first brought into being. And the 
interesting part is this, that the very first lecture that was ever given, and the i very first prize 
that was ever given by the Royal Institute of British Architects, was in 1834, for a paper on 
■concrete. 

It seemed an anomaly to him that even at the present day, in spite of the revisions which 
the Building Acts have received from the progress of construction, he bejieved it is still possible 
that .one can legally put 9 inches of concrete under a wall 80 ft. high. 

MR. VALENTINE BALL’S REPLY. 

Mr. Vmlentine Emit, replying to the points raised by Mr. Scott, said, in the case of the 
specialist employed by the architect, he thought with regard to the liability of the contractor 
for the specialist, that had been to some extent foreseen in the R.I.B.A. Form, Clause 20, 
where it will be found that the contractor is entitled to object to the employment of any 
specialist who will not enter into a contract with him indemnifying him from the consequences 
of the specialist’s fault and delay ; and that, he supposed, in some measure afforded protection 
to the contractor. • 

But as to the general question, who is liable for a fault in design, the decisions on the 
point appear to show that if the employer engages a contractor to use a particular kind of 
patent roofing, and stipulated no other should be used, and the patent roofing turned out to 
be wholly incapable of keeping out the wet, then the responsibility is not ut>on the con- 
tractor. He simply did what he was told ; but as to the exact position where the designs of 
the engineer, as worked out by the specialist, are faulty, then again, he supposed, the liability 
would be on the engineer or the architect. 

With regard to the question of the inspection of reinforced concrete by the architect when 
it is in the lay, it appeare<l to him that the modern class of building contract does not provide 
exactly what the duties of the architect shall be, and it seemed utterly unreasonable to 
suppose that the architect must be there when every piece of steel is being put into place, 
or that any Court of Justice would hold that that was the duty of the architect. He could 
perhaps protect himself by insisting that more than one clerk of the works shall be employed, 
and that the clerk of the works shall be careful to exercise due diligence in supervising the 
contractor. 

Answering the interesting question raised by Mr. Perkins with regard to the observance of 
by-laws by the builder, the R.I.B.A. Form expressly provides for that by Clause 5, where the 
duty of complying with by-laws past, present and future is thrown upon the builder. If 
he finds, in carrying out the work, that he cannot comply with the by-law by complying with 
the specifications, he was entitled to give notice to the architect and say he must comply with 
the by-law, and if ho complied with the by-law, he would be entitled to treat everything — 
all the expenses which he so incurred — as an extra under the contract, in accordance with 
Clause 13 of the Form, just as other extras are dealt with. In the very recent case of John 
Barker and Co. against the Hurlingham Club, where the whole question of extras was gone 
into, and, notwithstanding the opinion of the architect, the builder was entitled to treat 
compliance with by-laws as an extra, an omission. 

In conclusion, the lecturer promised to give written replies to several other questions 
which might be raised. 

THE INSTITUTION OF CIVIL ENGINEERS, 

THE CANTON. KOWiOON RAILWAY: 
CHINESE SECTION. 

By FRANK GROVE. M.IiMtCE.. uid 
BASIL TANFIELD BERIDGE BOOTHBY, Am«i.M.Imi.C.E. 

The following is » short abstract of a Paper read at the OteUnary Meeting of ike. 

Institution on January aSth, 19/3. 

This Paper ia In two parts, the first, by Mr. Grove, dealing with the general oonstnuh 
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tibn and equipment, while the second, by Mr. Boothby, is an account of the largest 
two bridges of the East River Delta. 

The Canton-Kowloon Railway has been constructed in two seetion-s : one, eighty- 
nine miles in length, in Chinese territory, from Canton to the Shum-chun River, the 
northern limit of the Britfeh leased territory in the Kowloon peninsula; the other, 
twenty-two miles long, through the latter territory to Kowloon. The former seotion 
has been built by the British and Chinese Corporation; the latter by the Colonial 
Government. 

The Chinese section of the line crosses the East River at Sheklung. The first 
thirty miles from Canton is alluvial plain not subject to heavy floods ; the next twenty- 
six miles crosses the East River and its tributaries and is subject to heavy floods ; while 
the last thirty 4 hroc miles is for the most part hilly country with intervening plains. 

ITie East River valley, which is about forty miles in width, is deltaic, and in the 
ten miles between mije 31 and mile 41 there are seven bridges, aggregating thirty-one 
spans, with a total length of 3,248 ft. 

The cultivated ground throughout the East River valley length is 7 ft. to ii fl. 6 in. 
below the highest known flood. For purposes of cultivation the whole area is protected 
by high bunds or banks. Formation was carried 2 ft. 6 in. above the highest flood 
record for thirty years, which gave a bank averaging for many miles 14 ft. high, and 
at approaches 24 ft. or more. These banks have been protected against wave- and 
flood-erosion by stone pitching. In times of excessive flood many miles of ithis portion 
of the line will be a causeway through open water 8 or 10 ft. deep. Its security will 
be aided materially by proper maintenance of the pitching ; while the fact that floods 
lise slowly and backing up takes place evenly on both sides of the bank gives additional 
security. 

Earthwork and all other works were carried out by petty contract. About 350 
contracts were entered into with Chinese contractors. Day-labour gangs were mostly 
confined to special bridgework, such as caisson-sinking, pumping, etc. 

The minor bridges and culverts and all the large bridges but three were built in 
cement concrete. Good cheap cement and good sand were procurable locally ; but the 
objection of the Chinese to quarrying their native hills gave rise to considerable 
difficulty in obtaining stone, and granite for the larger bridges had to be brought from 
Hong-Kong, although good local sitone was plentiful, 

TTie steelwork for the bridges was designed by the consulting engineers to the 
British and Chinese Corporation (Sir John Wolfe Ikwry and Mr. A. J. Barry), jwid 

was built in England under their inspection. It was designed generally in accwdance 

with the standard Indian practice, but for a standard loading 10 p<r cent, above the 
Indian, standard loading of 1903, having regard to the probable requirements of the 
future. 

There are fourteen stations and thirteen halts. With the exception of the Canton 
terminus, all the stations are of the simplest character possible having regard to exist- 
ing requirements. The platforms, except at Canton, are 6 in. above rail-level. 

The two bridges described in the second part of the paper are those over the East 

River ^d the Tung Kun River. Each has two shore spans of 60 ft., insisting of 

plate girders, while the waterway is bridged in the former with three and in the latter 
with four 224-ft. spans of Warren girders. The East River at Sheklung has a 
maximum tide of 3 ft., and its low winter level is 7 ft, above Admiraltv datum at 
Hong-Kong. 


Borings showed red marl at 30 to 65 ft. below low water ; the overlying material 
varied between sand and mud, coarse sand predominating. It was proposed to sink 
caissons 2 or 3 ft. into the marl, but it proved to be practically rock, and the depth 
proposed could not be reached. , 

, A lor the concrete and masonry was let to Mr. Y. T. Chao, a Chinese 

contr^oCf. aijd :sttcoess.lulIy carried out by him, notwithstanding delays and 
qbStot^H5«t md (DOptofiotioin among the populace caqsed by the importation of 

ooqll^. girdor-orection was carried out d^antmentally, 

«^^jpetty and other w^k where possible. 

l:€atS 90 (tis and curbs 38 Jt hy 21. ft, q in. were adoptted for the 
sfceolwork being built at Hong-Kohg and seat up to 
, })Ottom ring of each caisson was built on a cradle on 

; rfv^ted and caulked. Was launched. The second and third 
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rings, making a total height of 23 ft. (East River caissons) were then added, ^ and wl^ 
concreted to a draught of 16 ft. the caisson was towed to the site, its position being 
adjusted by anchors. The caissons for the Tung Kun bridge were 14 ft. deep, and of 
two rings only. They were built at the East River launching-ways and had to be towed 
and warped three miles to the Tung Kun bridge, which, owing to the resistance offered 
by each double octagonal caisson in even a moderate current, proved to be a very 
tioublesome task. One caisson broke loose and fouled the caisson for No. 3 pier of the 
East River bridge, which was in i>osition ready for pitching and already concreted to a 
draught of 16 ft. ; two days later both caissonws were carried down-stream together, but 
were stopped by the dc<*i)er grounding on a sandbank about a quart(T of a mile below 
the bridge, whence both were recovered. 

Concrete was used for steining the walls, ami was brought up in. lifts of 4 to 7 ft., 
the same shutters being used over and over again. On Ihc whole the use of concrete 
proved very satisfactory, especially in giving weight for sinking, ^’hich, in the author’s 
opinion, is of the utmicxsit iimportiince. ITk* double octagonal caisson-walls were 
5 ft. 6 in. apart, and this thickness was carried up in the well-walls until the pier- 
footings were rcvacbid, iDroviding a sinking force of 5 cwt. to 8 cwt. per sq. ft. of under- 
ground surface when the well was neriring foundation-level. 

In the foundations of two of the Tung Kun pi<Ts steeply sloping sandstone rm*k 
was encountered, and <lhe caisson of one pier tilted i ft. 9 in., divers finding that while 
the west side was in the rock the east side was still in sand, 'fhe oast well was then 
filled with sand, and by blasting around tho,cutting edge in the west well the pi<T was 
sunk another ft. As it was found that the east well was then on rock all round, 
the pier was founded thus, the masonry having to be partly dismantled and rebuilt owing 
tL the tilt of the pier. 

The 224-ft. Warren gird-(!rs have eleven bays, which arc 21 ft. between the centres 
of triangula/tion both vertically and horizontally. They are for a single line, and are 
decked with H-in. sited plate, the rails being tarried on longitudinal hardwood slet^pers. 
The complete weight of each 224-ft. span is aI)out 350 tons. 

After being erected one behind the other on shore, the spans were pushed forward, 
by means of hydraulic jacks, on to the ends of launching-jetties, and there lifted on a 
crib of slecfxjrs by loo-ton sihi]) jacks. Dot'ks had been prepared inside the launching- 
jetties and when a span had been raised to the proper height on the jetties pontoons 
were brought under in a flooded condition. On these pontoons, when pumped out, the 
spans were floated into position. Each launch took one and a quarter to throe hours. 

Mr. Grove was the Engineer-in-Chief, Mr. Booilhby being the District Engineer of 
the .Second Section. 
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NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heeding reliable infomutHon will be presented of new works in coarse oj 
consimcHon or completed, end the examples selected will be from ell peris of the world* 
It is not the intention to describe these works in detail, bat rather to indicate their existence 
and itlttstrate their primary features, at the most explaining the idea which served as a basis 
for the destgn,—ED* 


NEW BUSINESS PREMISES IN REINFORCED CONCRETE AT 
MIDDLESBROUGH. 

The following are s 5 me particulars of the new premises recently opened for Messrs. 
Newhouse, Ltd., in Middlesbrough. The premises comprise large drapery stores, and 
reinforced concrete formed the chief constructional material, it being used for the 
entire internal construction. There are some unusual features in this particular 
building to which we would draw attention. 

Owing to the impossibility of obtaining sufficient depth for some of the main 
beams carrying exceptionally heavy loads, spiral armouring was introduced into the 



Section. 

New Premises for Messrs. Newhouse. Ltd., Middlesbrough. 


toj) part of the beams at the cemtro of the span so as to increase the resistance of the 
plain concrete and thus enable the designers to exceed the usual limit of stress in 
concrete of 600 lb. per sq. in. 

Our illustration on page 206 shov^is the reinforcement of a beam of this type in 
position. It will be noted that the stirrups are hooked into the concrete at their upper 
extremities. 

The irregular shape of the site also made the question of designing the beams 
particularly difficulty as the bending momenits had to be calculated for points and 
distributed loads of varying amounts on beams continuous *bver spans of different 
lengths. 

To give some idea of the siae of the premises, we would mention that the total 
aiea of the gMmd floor, exclusive of window space, is 28,459 sq. ft., the showrooms 
find have an area of 2,513 sq. ft., wnikt the workrooms occupy 3,863 ft. 
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Tte use of reinforced concrete in buildings of this kind is of the greatest advantage 

and iriiportance on account of its fire^esistance. . ^ t 

The designs of the reinforced concrete system here adopted were those of the 
Considfere Construction Co„ Ltd., of Westminster, S.W., and the work was carried 
out by titeir licensee contractor, Mr. E. Newhouse, of MidcHesbrough. 



Reinforcement of Beam. 

New Premises for Messrs. Newhouse, Ltd , Middlesbrough. 


CONCRETE BLOCK COVE TO SHAND WALL. 

The wall illustrated on pa|?€ 207 is made of “ WinJet blocks, and is 388 ft. long and 
19 ft. 6 in. high, 3,713 blocks being used in its construction. The blocks were built on 
the batter and kept slightly in advance of the depth of shuttering at the back when 
concrete in situ was filded in. The work was carried out by the Ilfracombe Urban 
District Council under the direction of Mr. Oswald M. Prouse, A.M.Inst.C.E., 
Surveyor and Harbour Engineer to the Council. 

Similar blocks were used by the Council on other works carried out by them, 
including Forty-steps Wall, the Manor Stables, the Stone Dep6t, etc. 


SOME AMERICAN EXAMPLES. 

CONCRETE MARKET HOUSE. FORT WAYNE. INDIANA. 

Concrete will enter most effectively into constructions of all kinds when its real value 
ts understood, from the poin«t of ornamentation as well as durability. 

The Houax?, ner^ described, is just south of the dty hall. Its two pavilions 

are the dec^ii^ive features of the s^ucture, being connected by steel arches 
Meefsrie lights. There Is a similar pavilion, no less ornate, at the 
luf^her eaia’ oif the - • 

^tire terigtli width of the structure from curb to curb is 

ft. 5 W, The scheme of archite<^are is classical, the pavilions being of the 

i lbofe erdter. TisSe although built upon a^oore of brickwork, present an 

observer. It is concrete of a peculiarly pleasing 
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suface, b^ritg made of white sand and Medusa white cemenit, with an aggregate of 
bild’s eye or roofing gravel. 

When the forms were removed the surface was scrubbed with wire brushes, 
exposing the aggregate. The capitals of the columns were cast in glue moulds, and 
other ornamental features, such as rosettes, keystones, etc., were cast in plaster moulds 



and set in place as the structure went up. The columns were cast In place 
same manner as the columns for the main part of the structure, ber^f ter d^cribed. 
The drinking fountains were cast in place, complete with pipes, etc. These J^vilioos 
contain the market master’s office, as well as public tx^let roonia« etc* In the main 
cart of the structure there are fifty-four round columns, together with two squats 
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h^e a sMt « 9 . ^ column is 24 in. in diameter a<t the base, 

tte STa^ ^STis sumiountoi with plain moulded capital and square cap. 




' lifAfukt 'Hovis* Fokt'Wayhe, Iuoiaka, U.SJA. 



of ilwise oblumns is as follows : A rough core was fi«t 
S' to five. This core was mhde 6 ki. less in diameter thM the 
iih* finiihed east to he 3,in. in thickness all iw^. WhM 
tWre'r«noveii and the mould was put »n place around 
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this for the complete column. This mould was built of wood, in four sections, with 
very carefully finished surfaces, and into this was poured tJhe finish concrete, of the 
same mixture as described for the surface of the pavilions. The proportion® of this 
ccnorete were one of white cement, two of white sand and three of the roofing gravel. 
Medusa waterproofing compound was also used in all of the concrete to the extent of about 
ij or 2 per cent, of the amount of cement. The forms were removed and the surface 
brushed after twenty-four hours. Long bolts were imbedded in the tops of the 
columns, extending upward for the purpose of anchoring the roof. For the purpose 
of accommodating th^, a circular opening was cast in the caps of the columns, and 
this opening, after the caps were in place, was filled with concrete, thus serving the 
double purpose of holding the caps in place and also giving an additional anchorage to 
the bolts. 

The roof has a framework of wood, covered with red roofing tile. A concrete 
floor is laid over the entire structure. The tables are*ailso of concrete, and 
are 112 in number, two tables being placed in each opening between columns. 
These tables are 5 ft. long, 2^ ft. wide, and will stand 2 ft. 10 in. above 
the floor. The legs are cast solid, but of slightly ornamental design. They 
are 4 in. thick, reinforced with a sheet of expanded metal, and were cast in a 
plaster mould, made in four parts on. a wood frame. This mould simply consisted 
of the foujr sides clamped together and laid on concrete floor which was covered with 
oil paper. The conerote was then poured in, and the top trowelled off smooth. These 
legs and the tables themselves were madp of a one to two mixture of ordinary grey 
cement and washed sand. The tables are in. thick, reinforced with a sheet of Page 
woven wire, and have a flange of about 3 in. extending around three sides, and they 

are also caust on a concrete floor in steel 
mould esux'cially made for the puqwse. The 
tables are bolted to the legs with four bolts, 
two being imbedded in each leg, and holes 
being provided for by the form for the 
tables themselves. These bolt Iholes are 
countersunk with a small trowel, 

Tbfj architects for this building were 
Messrs. Mahurin and Mahurin, and the 
contractors Messrs. Borkhen/stein and Stwi, 
all of Font Wayne, Indiana. 

SOME CONCRETE HOUSES IN A 
CHICAGO SUBURB. 

Our illustrations show some concrete 
bungalows recently erected at High Lake, 
one of Chicago^’S suburbs. It is reported 
that some forty houses in reinforced con- 
crete are also now nearing completion: at 
Nantkoke, Pa., U.S.A., where the walls 
^are entirely of cinder concrete built by the 
use of steel forms, as was the case with 
the houses illustrated on page 210. 

SAFETY DEVICE FOR TUNNEL WORK. 

A Reinforced Concrete Door . — In connection with the new pressure tunnels now 
being driven beneath New York City for the Catskill waiter supply an interesting device 
is to be noted for storing the dynamite useS for blasting in tunnel. A ifynamite 
r<‘om has been hollowed out of the solid rock 250 ft. underground and connected to the 
tunnel by a narrow passage about 20 ft. long. At the end of this passage nearest 
the storeroom a massive concrete- frame has keyed kite the rock walls, bevelled 
at an angle of 20® .• This frame has been fitted^ with a r^iforced concrete door 
similarly bevelled, as wiU be seen from the illustration. This dpbr is. built up around 
five 15-10. I-beams with rekiiforcing rods passing tlnough and between and it 

swings cn a 3-im steel pin. The weight of the door is 2 tone* The door is a^rsuiged 
to only open two-rthirds the full way, and its objects are bo reduce the foree el;, the 
shock in the tunnel in the event of an explosion ol storeid dynaihhe and’ td protect the 
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dynamite from excessive shocks from blasts in the tunnel, as in either case the door 
would be closed by the difference between the air pressures on the tw'o sides. 

We are indebted to the Engineering News, U.S.A., for our illustration and 
particulars. 

A REINFORCED CONCRETE HOTEL IN THE PHILIPPINES. 

Thr new Manila Hotel recently oomploted is reported as being not only the largest but 
also the costliest structure in the Far East, and it is undoubtedly the largest in the 
Philippines. 

The building is constructed in concrete and steel throughout, with the exception 
of some of the floors and ceilings in the larger rooms, where highly polished Philippine 
hardwoods were employed. There are seven stories from basement-level. 

The hotel is well equipped; a'll the most modem steam and electric cooking 
apparatus being installed. There are steaming and refrigeratlhg equipments on the 
roof garden floors and in the reception halls for heating and cooling food. 

Every convenience is to be found in the hotel in the way of largo reception-rooms, 
billiard-rooms, etc. There are several roof gardens,* verandiihs, and balconies. 

The building rests on a solid foundation of hardwood piling driven to a depth of 
52 ft. 6 in., and, with the grounds bc'longing to it, covers a very extensive area. The 
grounds ai;e laid out tastefully and attractively with lawns, shelled drives, sunken 
gardens, and fountains. 

The building was erected at a cost of jiearly $50,000, and native labour was used 
to a great extent under the dirootion of American superintendence. 

We are indebted to Concrete-Cement Age for the illustration and particulars of 
this building, as also of the houses illustrated on page 210. 



Thb New Manila Hotei., Philirpinb Islands. 
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A short sttmmtty of somt of the tesding books whidt hove sppesred dartng the lost fevt months^ 


*'Bstlmattag for Rolaforcod Concroto Work.** 
By T. E. Colomoa* 

London B T Battford, 94 High Holborn 143 pp 4‘K. 
price 4/- net 

Contents, — InitTXxiuction — General Prin- 
ciples of Construction — Measurement 
of Reinforced Concrete Work — 
Materials for ^Concrete— Surface 
Finishing for Concrete — Prices for 
Concrete Work — Prime Cost of 
Materials for Conorele — Analysis of 
Prices for Concrete —Carpeniters* 
W^ork — Materials for Centering — 
Prices for Centering, Sheeting, etc. — 
.Analysis of Prices — Materials for 
Metal Reinforcement — Reinforce- 
ment Systems for Concrete — Pnees 
for Smiths* Work — ^Analysis of Prices 
for Steel Reinforcement —Materials 
for Reinforced Concrete Piles — 
Systems of Reinforcement for Con- 
crete Piles — Prices for Reinfocoed 
Concrete Piles — Prices for Piles Com- 
plete — Ordinary Steel and Concrete 
Construction — Reinforced Concrete 
for Special Purposes, 

This is a very useful little book dealing 
with the measurement and pricing of re- 
inforced concrete work. A portion of the 
matter recently appeared in a series of 
artideis in the Building News, and addi- 
tional notes and prices have been added 
and the whole carefully revised to date. 
The items and prices are based on the 
average cost of materials and labour in 
the l^ndon district, and consequentlv 
adjustments must be made, if necessary, 
to suit varying local conditions. 

The materials for concrete, and also 
surface finishings, are described, and 
many useful tables are included in this 
section of the volume. Special chapters 
are devoted to the materials and prices 
for piles, and the various systems in use 
for genml reinforced oonoriete are de- 
scribe and illustrated, although these ares 
by no means complete; and this is also 
the case with the systems described in the 
chapter dealing with ordinary steel and 
concrete oonstimtion, as many important 
systems are omittedt and it would not 
have ontoiied very much time if these had 
more 

The uolame is wetl worth the price 
aetcid>|er ^ and ehdwtd prove very useful 
aia * * 


to those connected with the question of 
estimating for reinforced concrete work. 

** CasMll’s Rttlaforeed Coneret#.** Edited by 
Bernard E. Jonas. 

London Ca»8ell & Compan} , Ltd , La Belle Sauvage, 
E C 398 pp +XX. price IS/- net 
Contents, — Introduction — What Rein- 
forced Concrete Is — Historical Notes 
—Concrete — Matterials, Proportions 

and Mixing — Steel-Stress Simply 
Explained — ^The Theory of Rein- 
forced Concrete — ^The Erection of a 
Reinforced Concrete Building — 

Forms and Centerings— Systems De- 
scribed — Architectural and Surface 
Treatmemt of Reinforced r''oncrete — 
Durability of Reinforced Concrete — 
• Waterproofing Concrete — Specifica- 

tions, Quantities, Measuring, Esti- 
mating and Pricing — ^Arches and 
Bridges — Examples 

This new volume certainly deals v^ith 
the subject of reinforced concrete in a 
manner unlike any other book that has 
been published in the country up to the 
present, as great attention has been paid 
to the practical side of the subject, and 
an endeavour made to produce a comoletc 
treatise that will be a guide to all those 
interested in the material, without assum- 
ing that the reader already possesses a 
certain amount of knowledge. The f.ut 
that various portions have been con- 
tributed by writers poissessing a special 
knowledge of that portion of the subject 
with which they had to deal should 
naturally tend to produce a reliable 
volume, and we feel that the value of 
this book will be due in a great measure 
to this fact. The comparisons between 
plain cx>ncrete, steely and reinforced con- 
crete are interesting^ and these are given 
by means of diagrams and tables, which 
illustrate comparative sizes, weights and 
costs in a manner which give a good idea 
of the value of reinforced concrete as a 
structural material. Special mention 
must be made of the chapter on Forms 
and Centerings, which is Illustrated 'with 
numerous excellent diagrams which cover 
almost every conceivable case that will 
occur in practice, friJm a small fence post 
to a tall chimn^, and the whole of tnese 
are tajken from actual examples, which 
enhances tbelr value. The notes on the 
erection of a reinforced concrete building 
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describe the method of carrying out a 
large factory, and they cover the arrange- 
ments for dealing with the various 
materials on the site, the plant and tools 
to be used, and the method of procedure 
to be followed in the actual execution. 

Owing to the extensive use of rein- 
forced concrete at the present time, and 
to the necessity of obtaining tenders for 
this class of work on a fair basis, con- 
siderable attention is now being paid to 
the question of preparing quantities, and 
we are glad to see that a chapter is in- 
cluded on this portion of the subject, 
although this does not deal with the 
matter as fully as would be possible. The 
theoretical portion of the subject is dealt 
with in a very simple manner, every defi- 
nition and symbol being explaiimed as fully 
as possible, in order that the reader may 
be quite c<jnversanit with the elementary 
principles. The reader should experience 
no difficulty in following the various for- 
mulae and calculations given, and more 
especially as the construction of the 
former are clearly shown step by step, 
and no knowledge of advanced mathe- 
matics is necessary. 

The whole volume is written and pre- 
sented in such a way that it should appeal 
to architects and students, who are often 
inclined to look upon the study of rein- 
forced concrete as a matter involving a 
tremendous amount of time and a good 
knowledge of higher mathematics, and 
they are apt to avoid the subject and leave 
this method of construction to specialists 
without being in a position to chock the 
calculations or prcpar<i a specification. It 
should form an excellent book of refer- 
ence for architects, and prove very useful 
to students preparing for examinations, 
and would, we consider*, be a very good 
text-book for class purposes. 

Transactions and Notes of the Concroto 

Institute.** Vol.lV.^ Part 111. 

Published at the Offices of the Institute, Denison House. 

296 Vauzball Bridge Road. Westminster. S.W. 

This volume contains some notes as 
to the membership of the Institute, its 
library, and an account of various works 
and buildings visited. It also contains 
a paper, with illustrations, read by Regi- 
nald R3nr€S, Assoc. M. Inst. C.E., on “Calcu- 
lations in the Design of a Thrust Buttress 
Masonry Dam,” and a much belated one 
by Richard L. Humfihrey, M.Inst.C.E., 
on “ Fireproofing,” read in 1911. These 
papers have aluneady been amply reported 
in our Joumal. 


8p»a*« *'Archlt«eto' mnd Builders* Pries Bosk 
sad Diary*** 

Published by B. & F. Spon. Ltd., 57 Haymarket, S.W. 
Price 5/* net. 

Spon’s “ Architects’ and Builders* Price 
Book and Diary for 1913 ” is a most 
valuable reference book for all those con- 
nected in any way with the building 
trade. It maintains the high standard 
of former issues, and the prices, etc., 
have been thoroughly revised and brought 
up to date. The usual order of trades 
is adopted as in a well drawn-up bill of 
quantities, and "there is also a fully de- 
tailed index to theSe trades. 

Lockwood's **Bulldsra' and Contractors 
Pried Book for 1913." 

Published by Crosby. Lockwood Son, 7 Stationers* 
Hall. Ludgate Hill. Price 4/-. 

This price book is published for the use 
of architects and surveyors and those con-' 
nected with the building trade, and main- 
tains its very high standard. 

In this very useful handbook the first 
part deals with every class of building 
work, and the prices and wages tables 
have been carefully revised and brought 
thoroughly up to date. There is a si*c- 
tion dealing exclusively with electric 
lighting, also a list of London district 
surveyors, and particulars of the boun- 
daries of their districts to accord with 
the changes made by the London County 
Council, as well as a list of surveyors 
of the various metropolitan borough 
councils and their addresses. 

In the appendices will be found tables 
of weights, areas, etc., solicitors* costs, 
stamp duties, tables for the valuation of 
leases and estates, legal notes and 
memoranda, and a great amount of other 
valuable information. A copy of the 
London Building Act, with its numerous 
amendments, is included. 

** Foundations and Maeklnary FlxlAg." By 
Franola H. Davloa, A.M,1.£.E. 

London: Constable & Company, Ltd., 10 Orange Street, 
Leicester Square, W C. 1S2 pp., price 2 • net. 

Contents. Functions of Founda- 
tions, Nature of Soils and Piling — 
* Trial Bores — Design of Foundations 
— Design — The Proportions otf 
Foundations for Engines, Turbines, 
and Dynamo-Electric Machinery— 
Materials for Foundations-r^Holdtng- 
down Bolts and Anchor Platesn— fix- 
cavation— Ccmstruction of Foun4a- 
tions— Vibration : Its Causes and 
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Effects — Vibration : . Me^ods of 
Isolating Machinery— The Fixmg of 
Electric Motors. , 

The question of the design and con- 
struction of proper 

chinery is one that is very often ov«- 
looked, and this despite the f^t of the 
great trouble that often arises through ex- 
Lsive vibration, which tends to injure 
machinery and create a nuisance to^ 
occupiers of any adjacent buildings. TIk 
consMeration of the most suitable foun<ia- 
tion to adopt is undoubtedly the ^ 

every engin^r who is,connect^ with this 
tvoe of \wk ; but we agree with the author 
thS it is a matter which also greatly con- 
cerns the architect, and 
tween the two parties is esrenfial. the 
author deaU very thoroughly with the 
points to be considered in the 
the foundations for various types of ma- 
chinery, and there are numerous u^l 
tables and diagrams m the vcJume. ^ 
question of vibration is dwltwith in a'^ 
interesting manner, and the examples 
given are sufficient to impress upon the 
reader the importance of making a sfu'ty 
of this problem. Many remedies are given 
and various patent sy^ems deteri^d. 
and there should be no difficulty >«. 
with any type of machin^y 
matter is fully considered in the first m- 
stance. We have no hesitation m recom- 
mending this little book to our readers, 
who will find it both interesting and 
useful. 


•• Straotural Dealan-ElemenU." »y Horace 
R. Thayer. 

London : Constable & Company. Ltd. 221 + vii pp, 
price 6/- net. 

Contents. — Materials — Comnweial 
Shapes— Wooden Structures— Fabri- 


cation of Structural Steel — ^The Engi- 
peering Department. 

The author has assumed that the reader 
possesses a knowledge of mechanics, 
stresses, and mathematics sufficiently ad- 
vanced to enable him to follow the for- 
mulae, etc., without any detailed explana- 
tion of the elementary principles. 

The greater portion of the book is de- 
voted to the practical rather than the theo- 
retical consideration of structural work, 
and it includes a full description of the 
fabrication of structural steel, together 
with notes on the organisation and ad- 
ministration in the shops and yards of the 
merchant. This portion is instructive, and 
contains a large amount of information 
seldom found in text books of this class, 
the examples described ibeing all takem 
from American practice, as the author is 
engaged at the Carnegie Technical Schools 
at Pittsburg. The notes on materials in- 
clude timber, cast iron, wrought iron, 
steel, - alloys of steel, and paints, and 
although these are not very full or in- 
structive in the chapter having this head- 
ing, there is a good description of the 
manufacture of the commercial shapes in 
the following chapter, which is clear and 
useful. There arc a large number of pages 
allocated to the consideration of the pro- 
cedure in the engineering department 
which covers the preparation of specifica- 
tions, the designing of connections and 
members, the preparation of drawings, 
checking, examination of structures in 
use, and failures, and there are many use- 
ful hints and notes under these various 

sections. , , , j 

It should prove a useful volume, and 
indicates a thoroughness on the part of the 
author which is commendable, and the 
various matters are presented in a clear 
and explicit manner. 
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POPULAR USES. 

Under this heading it is proposed from time to time to present parttculvs of the more 
popular uses to •which concrete and reinforced concrete can be put, as, for instance, in the 
construction of houses, cottages and farm building s.^ED* 


REINFORCED CONCRETE TENNIS COURTS. 

The question of reinforced concrete for tennis courts has of late aroused considerable 
interest, and, in view of the incTt'asing demand for hard coiirtp, which shall be aviiil- 
able throughout the year, we present the following particulars as to how these courts 
were built in Northern Michigan, U.S.A. Our mformaiit writes as follows:— 

In building the concrete tennis court here illustrated, a sand foundation was 
utilised, as the nature of the land was nothing but sand. The court was built the 
regulation size, allowing 4 ft. on all sides for playing. It is 6 in. thick, reinforced 
with fence wire, the concrete being mixed about one to eight, and the facing a good 
mix, f in. t-hick. Care was taken to put expansion joints through the entire thickness 
of the concrete. These were made with a sand joint in the rough concrete, and the 
fj cing was merely cut through with a trov^cl when it was nearly set so as not to be 
roticeable on the surfat'e. Any cracks resulting from changes in the wmlher will 
naturally follow these joints and in no way be conspicuous. The principal reason for 
reinforcing this concrete was that the climate in northern Michigan is rather severe 
through the winiter, which would subject the court to unusual strain. In an ordinary 
climate this would scarcely be necessary. 

A pitch of 3 in. was made, the high point being in the centre at the net, and 
pitching back both ways. Drain tiles were set in along each side of the court and 
cairried to a point of discharge. 

The boundary lines of the court were constructed by putting in a wooden strip 
in. wide, lined up j^erfectly true, and this is an important item, as an uneven line 
would be disastrous to the appearance of the court. After the top coat was finish<*d 
these strips were removed and filled with white cement. 

It was the intention to secure a green surface for the court, and to this end the 
best green colour w'as procured, but this caused great disappointment, as, owing to 
the chemical action betwwn the colouring and the cement, it faded to the natural 
cement colour. A ceiment paint was then used, which gives the court a very nice 
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appearance, but, our inf^rmaint states, it will not ondure for more than a season, when 
it will have to be repaiiyfced. 

It was endeavour^ to find a guaranteed green colour for cement, but so far 
without success. It is yery easy to get a brown colour, which serves the purpose just 
as well, but painting is not recommended as it only lasts a short time. 

Care must be taken to get the court perfectly level, except in the direction of the 
pitch. 

The court above described was built by Mr. F. H. Beaumont, contractor and 
builder of Cadillac, Michigan, and we are indebted to him for our particulars and 
illustrations. 



Reinforced Concrete Tennis Court, Michigan. U.S.A. 
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Memopunan Mnd Nevi>s Hems sre presenied under this heeding, miih oaSesionel editorlet 
comment* Authentic news will be welcome*-‘~ED, 


The Concrete Institute,— An inikTostin^ l^por •was read on February i3tih at the 
Thirty-second Gejieral Meeting by Mr. S. Bylander, Chairnuin Junior Iiiistitution. of 
Enginieers, on “ Stevl Frame Buildings in Londons” of which a short report will be 
published in a subsequent issue. 

The Concrete Institute have formed a special Investigation Committee for the * 
purpose of considering the action of the 1 -ocal Government Board in respect to loons 
foi reinforced concrete construction., and the committee will be pleased to have any 
information which can Ix' furnished upon the matter. Among othiT things, the 
committee is desirous of obtaining information as to speinfic cases in which the Local 
Government Bofird (a) have refused to grant a thirty years’ kjan period, (b) have 
granted the full period. 

Scottish Junior Qas Association*— A paper on the “ Construction of a Gasholder 
in a Reinforced Concrete Tank ” was read in the course of the month by Mr. G. P. 
Mitchell, of Dundee. The pa|)er referred to the increasing of the gasholder storage 
ft the Alloa Gas Works by utilising a brick-built tank containing a single-lift holder 
o‘ a capacity of 75,000 cu. ft., increasing the depth of the tank by constructing a wall 
of reinforced concrete, and erecting in it a thrcc-lift holder equal in capacity to 
380,000 cu. ft. 

.\part from the necessity of increasing the storage capacity of the works, the 
single-lift holder had ibeen tx>nistructed so that the pressure thrown wa-s only 22-ioths. 
For several years the gasholder had been of almost no practical value, as the day 
pressure required to meet a largely increased demand for gas for engines and cookers 
is 30-ioths. 

' The old tank was brick built, having a puddle bottom. It was erected in the year 
1862, and had proved watertight, and, generally speaking, was known to be in a 
satisfactory condition. The work of emptying the tank was completed in twenty-five 
hours. 

On examining the tank it was found to be in splendid condition. As a precaution, 
however, it was decided to point the brickwork with cement; and after picking the 
joints, the walls were thoroughly washed with a pressure of water from a hose, 
preparatory to cementing, in order to dean out the joints. 

The rest blocks had to be replaced by new ones, due to the difference in cen.tres. 
They were made of cast iron and laid on a concrete foundation. 

The required depth of the new tank being 20 ft. q in., it was necessary to raise 
the existing wall bv 5 ft. ; and consideration was given as to whether this should be 
brick built or reinforced concrete. It was ultimately decided to build a reinforced 
ccncrete circular wall to the required height. The reasons for adopting reinforced 
concrete instead of brick were as follows : (i) The relative lightness of the additional 
dead load superimp^ on the old brick, wall. (2) The superior watertight of 
reinforced concrete ov^ brick — more especially in this case, whj*’® ™ superimposed 
wall is not backed clay, biit is entirely above ground. (3) The reliaoiut^^^if retn- 
foroed concrete against the bursting pressure of the contain^ water* ^ 

The inside diameter of the tank wall is 81 ft. n m.; and the thickness of the 
reinforced concrete circular wall is 8 in. 

Having stripp^ 15 in. off the coping of the old walj, a 4i-ia* channel was cut oat 
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itt the centre of the brickwork — thus farming a grcxwe and binding the old and new 
work together. 

The standards of the gasholder are carried on ten reinforced concrete buttresses, 
Oi:)ual]y spaced iround the outer circumference of the tank ; and the foundations of these 
buttresses were carried right down a considerable depth to a hard subsoil. In front 
of each buttress 4i in. of the brick wall ot the tank were cut out so as to tie the 
concrete to the old brickwork. In each buttress a vertical bar was placed at each 
corner, and kept in position by f-in. diameter bars at 6-in. centres. The buttresses were 
brought up to the ground level before cementing to the wall. After the concrete had 
set, the space left was filled in with puddle, which was well watered and rammed in. 

After excavating for the new i8-in. diameter inlet and outlet pipes, the concrete 
foundation for the drip-box was laid. A hole was cut through the wall to allow for 
the length of pipe; and a suitable concrete foundation was made inside the tank to 
teceive the duck-foot bend. The drip-box, length of pipe, and duck-foot bend were 
then set in, connectied together, and carefully tested. Concrete was packed round the 
drip-box and band until the top of the pipe was covered, the wall being rebuilt and 
puddled inside and out. 

The ground being cleared and levelled, the work of erecting the w^i.11 was started. 
The horizontal reinforcing bars of the rein*for<'ed ooncrete wall are carried into the 
buttresses; but the wall itself was sufficiently reiniforoed to resist the bursting pressure 
of the conitained water without the aid of the buttresses. For this purpose the main 
tensional reinforcement is carried horizontally, and the sectional area of the bars is 
reduced from the bottom upwards in proportion to the piressures. All horizxm/taJ bars 
were overlapped 4 ft., and thon>ughly anchored in the conorete at their ends by means 
of righl^ngle bends ; and vertical bars were also placed, staggered at back and fronit 
(4 the wall, to distribute the stresses — the two sets of bars forming a oompkvte 
grillage of steel in the concrete. 

At the top otf the reinforced exmerete wall a gangway or platform i ft. 8 in. in 
breadth was formed right round the tank, projc’cting in cantilever form from the wall 
T ft. 8 in. This was also constructed in reinforced concrete 4 in. in thickness. 

The total weight of steel reinforcement used in the reimforoement of the wall, 
gangway, buttresses, and their foundations was tons. All steel used was ordinary 
o'jmmercial rounds. 

l^e concrete used for the wall was made in the following proportions : Gravel, 
free from sand, and all to pass the f-in. ring, 27 cu. ft. ; sand, 13^ cu. ft. ; Portland 
cement, yi cwt. This gave a particularly close-grained and dense concrete; and the 
concrete was also thoroughly consolidated when in position btjtwecn the centering 
boards by means of vigorous ramming. No waterproofing comjx>unds were used in 
the concrete, nor was any rendering of the wall after completion done. But after the 
removal of the boarding the surfaces of the wall were brushed over with two separate 
coats of Portland cement grout, thoroughly well rubbed in. The reinforced concrete 
wall, since being brought into use, has b^n found watertight. This portion of the work 
has proved eminently satisfactory in respect of efficiency and economy in capital cost. 


A Very Large Relatorced Concrete Column was tested in the Pittsburgh 
Laboratory of the U.S. Bureau of Standards on December 14th, 1912, before a 
delegation from the National Association of Cement Users, meeting that week in 
Pittsburgh. It is reported to be the largest reinforced concrete column ever loaded to 
destruction. It was a hooped column 16 ft. long, 30 in. in diameter, with a core 
diameter of 27 in., giving a -total core area of 572*55 sq. in. The reinforcement 
cctiaist^ of seven longitudinal ii^-i-n. round rods, a i-in. wire helix, with 3-ini. pitch 
and thirty-one flat spirals of No, 5 wire of three turns spaced vertically 6 in. centre to 
centre. The column commenced to shovft signs of distress about 1,500 lb. per sq. in., 
oc^ area, and failed at a total load of 1,800,000 lb., or about 3,100 lb. per sq. in., 
core are&,r^£ngmeefing News, 


^ to facilitate the handling and storage of goods discharged 

from vessate at Uruguay, four large depdt aheds have just been inaugurated. Each 
shed mesisiires 160 m. By m,, has two floors, and is solidly constructed of iron and 
" ^ **^**'*^ .floor' can easily be added if required. The work was 
, contract with the 'Goverranent by the German General Building 
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Concrete Chimney of Interesting Design , — A concrete chimn-ey recently erected 
ar a st^l plant near Hamburg has many interesting features besides its great height 
of 328 ft. Among the^ are its acid-resisting lining, made absolutely necessary because 
purpo^ of the chimney is to carry awav smelter-furnace gases ; the special heat- 
resisting lining which extends from the top of the base to a height of 66 ft., and the 
irassive nature of the chimney’s base. 

The chimney, which is round in shape, tapers from an outside diameter of 30 ft., 
at the base, to ii ft., at the top, where the free opening is 9 ft. in diameter. Imme- 
diately below^ the chimney proper is an underground vault, 13 ft. in height, which 
serves as an inlet for the gases. 1 his is octagonal in shape, 36 ft. in diameter, at the 
base, and 31 ft. in diamet'^, at the top, and restts on a concrete block 7 ft. thick and 
42 ft. in diameter, which is in turn supported by 237 woodeai piles, the space around 
and between which is filled in with concrete, 'fhe reinforcing of the chimney 
consists, in part, of forged-iron rings imbedded in the concreile at intervals of about 
6 ft. throughout the entire height. 


Square Inches of 6ieel per Lineal foot Designing Diagram tor Cantilever 

-<l.. 0 ^ 04 . 0 ^qB.i.p ]1 la 2j) n Reinforced Concrete Retaining Walls.-- 

Mr. W. D. Hudson, of the Missouri-Pacific 
Railway Co., St. Louis, Mo., states he has 
found the accompanying diagram convenient 
in designing L-shaf>ed reinforced concrete 
retaining walls. The purpose of the diagram 
is to ascertain quickly the proper thickness 
and reinfonxflnent under different condi- 
tions of loading of the vertical slab in walls 
of the type shown in section on illustration. 
Its use may best be explained by means of 
examples traced out on the accompanying 
diagram. 

Example /. — To design the vertical slab 
at depth 15 ft. for a wall with surcharge 
angle of 30® and angle of repose 30®-“ *. e., 
D= 15 , 0 = 30 ", ^= 30 ". 

At dei)th 15 on the left-hand ordinate, 
proceed horizontally to the heavy dashed line 
A — A, and read on the nearest “ thickness 
curve ” 20 in. Proceed thence vertically 
upward and read at top of diagram 1*84 sq. in. 

‘ per lin.. ft. for the amount of reinforcing. 

In case any other thickness is required 
by other conditions, the reinforcing area is 
read in the same manner — thus, if 26-in. 
thickness is required, reinforcing area equals 
1*4 sq. in. per lin. ft. 

Example 2.— To design a slab at depth 15 ft, for a wall with level surcharge and 
30® friction angle — i,c., D= 15 , 0 = 0 , ^ = 30 °. 

Where depth 15 intersects curve marked “ 0 = 30 °, 0=0,” proceed vertically 
to curve marked “ Reference Line,” thence across to dashed line A — ^A, and read slab 
thickness 13J in. Vertically aibove read reinforcement of 1*24 sq. in. per lin. ft. 

The thicknesses of slab given are net thicknesses. Stresses used are : Tension in 
steel, 16,000 lb. per sq. int. ; compression io^concrete, 650 lb. per sq. in. ; straight-line 
formula used in the analysis. As may be seen, the slab may be designed for five 
different conditions of loading. 

It should be noted that the size of the base slab must be determined by some other 
means than given by this daagram'. 

For Any Slab, — ^I'he diagram can be used for any slab of known bending moment, 
as follows : Locate the bending moment on the scale at the foot of the diagram, follow 
upward to ” Reference Line,’” and thence follow horizontally to the appropriate i^b 
curve. Of course, where the horizontal meets the dashed line, the most economical 
thickness and reinforcement are found— f.e.. the d^ign which realises the full allowed 
stresses in concrete and steel respectively. — Engineering News. 



Moments in Foof-pounds 


Diagram for thk Design ok the Vertical 
Slab in Cantilever Retaining Walls. 
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Liaiag a Deep Shaft with Concrete . — The 1,017-ft, Kingdom double-compart- 
ment shaft of the Old Dominion Company at Globe, Ariz., has been lined with concrete 
delivered from the surface through a 4-in. pipe. Work was slarted near the top and 
carried on in lifts from 150 to 220 ft. high. Temporary timbers were placed along the 
sides and ends and across the centre of the shaft at the bottom of each section and 
forms were built upon them. A permanent reinforced concrete bearer, 4 or 5 ft. high, 
was placed at the bottom of each lift. The forms were in 12-ft. sections and the concrete 
was made to run from a mixer at the top of the shaft into a hopjjer and down the 
shaft through the 4-ini. pipe to the point where it was needed. At the lower end this 
pipe discharged into am ordinary steel bucket suspended from the finished portion of 
the lining above. In the side of the bucket was a hole •('onnecting with a short steel 
chute which delivered the concrete directly into the forms. The Engineering and 
Mining Journal states that the concrete was dropped successfully in this manner for 
a distance of over 1,000 ft. in building the last s<‘clion of lining.* The mixture was fed 
in regularly at the top and upper end of the pipe closevl by placing a piece of canvas 
over the opening to stop the air current in the pijx' and check the veloc'ity of the 
concrete. The mixture was so dry that no water appeared upon the surface after being 
well worked. Had a welter mixture been used the water would have separated from 
the sand and stone, taking the cement with it and leaving a lean concrete behind. The 
long walls of the lining were given a maximum thickness of 10 in. Old water pipes 
were cut imto short lengths and placed in the concrete for weep holes through the waif. 
The concrete was a 1:3:6 mixture with ^he c^^arse aggregate varying from J to i in. 
in size. With twenty-five men working two shifts daily the time consumed in placing 
the lining was eight months, although the actual woik of concreting was done in 
100 days, or about 40 per cent, of the lime consumed. Each of the two-shaft compart- 
ments is 5 by 7 ft. 2 in. inside the finished lining. The concrete lining, which was put 
in after the former wooden timbering had been d<'stroyed by fire, gives 60 per cent, 
more shaft area. — Engineering Record. 

TRADE NOTICES. 

The Leeds Oil A Grease Co. — We beg to draw attention to the concrete 
mould oil supplied by this fiim for the purpose of preserving concrete moulds. The 
main points claimed for the grease are ns follows :— 

Utility. — The improved quality of the work when the oil is used, and the fact that 
it does not deteriorate the work as many oils do. This latter poin-t is imfKWtant in 
\iew of the paper given at the Concrete Institute re the damaging effect of oils on 
concrete. 

Economical. — Low in price, easily applied, large covering capacity, always readv 
for immediate use. 

Wood Moulds and Shutters. — When used on these it saves its cost many times over 
from the fact that to a large extent it prevents the timber from warping — hence the 
t'mber can be used many times where if it warped it would be of no further use. The 
timbers leave clean, and neither the face of work nor the timber is damaged in removal. 

The Armoured Tubular Flooring Co., Ltd., state that they have used this grease 
for some years with satisfactor)^ results. The method they adopt is to very slightly 
gre^aise with the oil the face of the board upon which the wet concrete is moulded, and 
when it is sufficiently hard they have always found it leave the moulds in a perfect 

rendition. ^ ^ . 

The oil is at present also being used by Messrs. Perry & Co. 10 their wwk on 
the new Stationery Office. It has also been used on sewerage works, and it is also 
stated that such firms as the Engratic Patent# Stone Co. and the Thames Patent Stone 
Co. use the oil. Full particulars are obtainable from the l^ds Oil and Greaise Co,, 
Chadwick Street, Leeds. 

Chubb dt Sons* Lock and Safe Co. This company is making doors in a 

solid slab {2 in. thick) of reinforced concrete covered with steel plates of a special 
construction, which has just patented. The doors are formed of two sjreel plates 
made to interlock in such a way that the interiocking pieces and the fastening fods 
inside between the two plates form the reinforcing members of the concrete 
The concrete is put in from the open ends, which are then clpsed by end f^ates provided 
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with inturned and twiked pieces embedded in the concrete. Full particulars of these 
doors can be obtained on application to Messrs. Chubb & Sons. 

B. P. IV". OrimBhaw, The Reinforced Concrete Fence Posts, Ltd., have 
‘ removed their office from West Mill, Buntingford, Herts, to 8, Broadway Court, 
Broadway, Westminster, London, S.W. 

CATALOGUES RECEIVED. 

^Messrs. Raaaome - verMehr Macbioery Co. Ltd , — new edition of this 
company’s catalogue on concrete mixers has just reached us. 

The book is not only well arranged and fully illustrated, but contains much that is 
of interest and use. 

A full description is given of the various mixers supplied by the company and thedr 
applicability to almost any kind of work demonstrated by the quotation, of examples where 
the mixers and storage plants are in. use. It will be seen that these appliances are 
equally useful for bridge work, hoppers, railway work, tunnel construction, road 
work, etc. 

There is .also a section of the book devoted to steel piling and pile extractors. 

Copies of this catalogue can be obtained on application to the company at their 
address, Bruniswick House, Westminster, London, S.W. 

Trusaed Concrete Steel Co, Ltd. — We have also received a copy of this com- 
pany’s new catalogue on their “ Hy-Rib ” system. 

The advantages of the Hy-Rib and its varied application, together with a descrip- 
tion of its method of manufacture, are dealt with at length and illustratixl by means 
»f diagrams and illustrations. 

Specifications are given of how to apply Hy-Rib to walls, roofs, floors, ceilings 
and partitions, and the booklet concludes with an account of some tests to which this 
system of metal reinforcement was submitted. Copies of the catalogue are obtainable 
from the above-mentioned company at Caxton House, Westminster, London, S.W. 


BBITISH IMPBOVED CONSTBDCTION CO. 

Telephone: 40^7 Victoria. LTD. Telegrams : Biconerete, Vic, London." 

“ B I C ” 

47 VICTORIA STREET, WESTMINSTER, S.W. 
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Reinforced Concrete Bridge at Seytenex, near Annecy, France. 
(For' description see page 280 J 
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EDITORIAL NOTES. 


THE LOCAL GOVERNMENT BOARD AND REINFORCED CONCRETE. 

It is quitewa current subject in these columns to have to complain of the apathy, 
not to say prejudice, with which reinforced concrete is still being* met at the 
Local (Government Board’s o-ffices at Whitehall, and although wc are quite pre- 
pared to say that there has been some slight impr<)vement during the past few 
years, the fact still remains that an ordinary building of very poor construction 
is far more likely to be favourably considered than the best of buildings in rein- 
forced concrete w'hcn a question of loan period is under review^. 

Efforts, both official, semi-official and private, have been made to obtain 
some change in the Ix)cal Government Board’s attitude, but, with some few 
exceptions as to individual cases, the general principle still seems to prevail of 
l(X)king upon reinforced concrete with grave suspicion. 

We now .assume, however, that some further effort is to be made to modify 
this unfortunate policy, which costs the ratepayer so dearly and makes the 
British Government a laughing st<x:k among other civilised nations, who unwit- 
tingly attribute the inane conservatism of the Local (Government Board to some 
grave matter of policy in the Government as a whole. 

The Concrete Institute, as will have been seen in our previous issue, is, it 
would appear, trying to collect information as to loans refused by the Local 
Government Board and the terms upon which loans have been granted, and this 
looks like some fresh systematic effort to obtain a remedy based upon reliable 

We w^ould thus particularly recommend any public tt^iority or professional 
man who has had experience of the Local Gk)vernment WkrU’s methods in this 
direction to immediately put themselves in communication with the Secretary of 
the Concrete Institute at Denison House,. iVauxhall Bridge Road, Westminster, 
so tliat the Institute may have as full information as possible on this alb 
important subject. 

BUlLDlNf EXHIBITIONS AND REINFORCED CONCRETE. 

In our March issue we gave some indication of the impending Exhibition at 
Leipzig, which is to be a Building Exhibition in the widest sense of that term, 
including architecture, science, construction, equipment and. furnishing, and 




BUICDINO EXHIBITIONS AND CONCRETE. 




having regard to the excellence of the organisation and the many interesting 
buildings in which the Exhibition is to be housed, the Leipzig undertaking 
certainly promises well. 

As to the rdle to be played by reinforced concrete, it is a considerable one, 
both in the Exhibition structures and in the exhibits, and probably this Exhibi- 
tion will mark, if we may say so, the advent of the new reinforced concrete age. 

In London, too, we are to have our usual biennial Building Trades Exhibi- 
tion at Olympia in April, which has a comprehensive display of the purely struc- 
tural side of building, combined with exhibits of technical equipment, which is 
certainly unsurpassed anywhere and does its organisers great credit. Here, 
however, we regret* to say reinforced concrete only plays a minor or secondary 
rdle, as the exhibits do not properly accord with the importance of the subject, 
and, in fact, we think that those concerned in reinforced concrete have been 
somewhat short-sighted in not arranging for marc numerous and more extensive 
displays, in order to further their particular interests. 

Reinforced concrete exhibits there will, of course, be at Olympia, but 
nothing like what we might have expected at a period when reinforced concrete 
is not only so much in the forefront of •discussion, but when it has to make its 
way at home with the aid of what might generally be termed advertisement. 

We view Building Exhibitions, such as the one at Olympia and the wider 
one at Leipzig, as eminently useful to the trades concerned and the public at 
large. 

Just, however, as we anticipate that our Continental neighbours can take 
many a leaf from the book of the Building Trades Exhibition in London, so wc 
also hope that we at home may be able to learn something from the Exhibition 
at Leipzig, and as this Leipzig Exhibition, as indicated above, will have exhibits 
that specially appeal to our refiders interested in concrete and reinforced con- 
crete, we would particularly remind those who are making plans for visiting 
the Continent during the current summer that a visit to Saxony may be both 
pleasurable and instructive. 
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MESSRS. HARRODS’ 
DEPOSITORY, BARNES. 


There 3Lre •ojtrioas points of p^rticaUr interest in the building 
described in the folloviing article, which was preparedfor us by 
Mr. Albert Lakeman, Honours Medallist Construction.^^, 


Tufs new building has been erected at Barnes for Messrs. Harrods, Ltd., from 
the designs of Mr. William G. Hunt, F.R.LB.A., and the use of reinforced 
concrete in a structure of this kind is importatit and illustrates how universal 
the material is becoming for all classes of buildings. The great aim of the 
architect has been to evolve a scheme which would give the greatest safety to 
the many valuable articles of furniture that will necessarily be stored in the' 
building, while at the same time necessitating only the minimum amount of 
handling of the articles and the maximum amount of accommodation. The 
building (illustrated in this article), the erection of which is just completed, is 
intended to eventually form the centre blcick of a very extensive range of 
depository buildings, and is considered to be the most up ld'*d&'ie and etlicicnt 
building of the kind in this country. 

The principle of the construction may l>e described as that iof a reinforced 
concrete frame building, all the constructional members being of this material, 
while the walls throughout are formed of 14-in. brick panels carried indepen- 
dently on the reinforced concrete frame, at each fl<x>r level. Similar interior 
division walls are used to subdivide the building into three portions, each of 
which is insulated from the others by means of fire lobbies having twin fire- 
resisting doors; thus rendering the spread of a fire from one division to another 
practically impossible. 

It is interesting and important to note that the adoption of this method, 
together with the use of reinforced concrete for the constructional members, 
enabled the important matter of insurance against fire to be effected unde»* 
Class I. B., which calls for the highest standard of perfection which is recog- 
nised by the insurance offices for buildings of this class, and a considerable 
saving in premiums is in consequence made by the proprietors and their clients. 
In fact, the insurance offices regard not only each storey, but each of the three 
divisions of each storey, as a separate risk, just the same as it each division 
were a separate building. A fact of this kind should be sufficient to convince 
even those few persons who are still soe|)ticaI as to the value of reinforced 
concrete as a fire-resistant, and make the material more popular with those 
building owners who are apt to look upon it as being still in the experimental 
stage. ^ 

The completed portion occupies an area approximately 125 ft by tto ft,, 
and it has five storeys in all, giving a total height from the ground floor level to 
the main roof of about 66 ft. The four floors above the ground floor, and also 'the 

roof, are cantilevered beyond the general face of the buildtiig for a distance of 
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12 ft., and the pantechnicon furniture vans are driven directly on to a large 
electric lift, which is situated in the centre of the rear frontage, and are raised 
by this means to the floor required, the vans being then drawn off the lift, 
along the cantilevered balconies, t6 the most convenient point, and there 
unloaded direct from the van to the actual spot where the goods are to b<* 
stored. This is obviously a great advantage, as the possibility of dtimage to the 
article is considerably lessened, and several vans can be unloiided at the same 
time without any confusion or inconvenience arising. These cantilevers are 
quite a feature of the building, and they are illustrated in the exterior view 
which is depicted in Fig. i, and they are described in detail in the subsequent 
notes. 



Fig. 1. Photographic View showing Cantilevered Balconies. 
Harroos' Depository, Barnes. 


The general arrangement of the constructional columns and beams is 
illustrated in the plan of the first floor in Fig. 2, there being fifty columns in 
all, and the details of the reinforcement, which were arranged by the Trussed 
Concrete Steel Co., will be found in Figs. 3, 4, 5 and 6. Some difficulty was 
experienced in the foundation work Swing to the presence of water at a depth 
of 14 ft below the surface, at which level a good Thames ballast was found. 
A large block. of plain concrete was put in as a foundation for each column, the 
average size being B ft 6 in. square, and on this the reinforced concrete base 
WitSi txmtnieneed at a *evcl of about 7 ft, below the ground floor. A typical 
,,deta^ la sboyiru iii where it will be seen that this reinforced base consisted 

51^ square, having a minimum thickness of 9 in. at the extreme outer 
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edges, splayed upward towards the column to give a maximum thickness of 
i8 in. at the intersection, to provide the requisite area for resisting shear. This 
slab is reinforced on the lower surface with six Kahn trussed bars in each direc- 
tion, and four i-in. Rib bars are provided as anchors, between the column and the 
base. The column is continued from the base to the ground floor level as a 
square column, having a 3-ft. side reinforced with six lines of vertical reinforce- 
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Firi. 2. General Plan of Columns and Beams. 
Harrods' 0SPOS1TORV. Barnbs. 


ment with spiral binding, and at this k\^l it becomes circular for a height of 
lain, before ^ing reduced to an octagonal section as shown. The circular portion 
is protected with an iron kerb and sheathing to prevent damage by the vans. The 
whole of the upper oolumns are octagonal in section, as shown in Fig. 4, which 
illustrates a typical detail, and it will be seen that six vertical lines of reinforce- 
ment are provided with spiral binding, giving a circular core. The binding. Is 
arranged to finish at the centre of the floor slabj and the end is bent 9 in. into ^ 
the column and hooked. The size of the column illustrated is about i ft. 9 in. 

'■ *»7 
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Harrods* Depository, Barnes. 


for the lower portion and i ft. 6 in. 
for the upper part, these dimensions 
being tJiken between two opposite 
faces and at right angles to same. 

The interior columns are 
spaced in six rows across the width 
of the building, giving a distance 
apart equal to about 22 ft. centre to 
centre, and in each of these rows 
they are spaced at about ft. 6 in. 
centres. The floors are constructed 
with main and secondary beams, 
the former having a span of 14 ft. 
6 in. and carrying the ends of two 
secondary beams on either side, the 
latter being arranged at intervals of 
4 ft. loj in. These secondary 
beams are somewhat close together, 
blit they required a depth of 18 in., 
as they span a distance of 22 ft. 


The width is 
8 in., and the 
r e i n f o rcement 
consists of one 
Kahn bar and 
three Rib bars, 
as illustrated in 
Pig- S» where 
the main beams 
are also shown, 
and it will be 
seen that these 
latter have a 
depth of 20 in. 
and a width of 
I si in., while 
they are rein- 
forced for ten- 
sion with one 
Kahn bar, 
two I J 4 n. Rib 
bars, f-in. 
Itib ^ W and 


L 
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Fig. 4. Det«U of Colomn. 
HAMtOM* DtPOSITORy. Barmre. 
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Fig. 6. Detail of Cantilever snpportiog Balcony. 
Harkods* Dbpositort. Barnes. 
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Continuity bars, 4 ft. long, are placed at 12-in. centres in the upper 
surface of the slab, these being |-in. Rib bars, and similar bars, 2 ft. long, 



are provided over the secondary beams, while ample provision against shear 
is made as shown on the drawing in Fig. 5- be seen that all, the beamS- 


Fig. 9.. Perspective View of Finished Building. 
Karroos' Depository, Barnes. 
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which are framed into the columns have brackets 2 ft. long and 12 in, deep, 
and the general appearance of the finished work is well illustrated in Fig, 8, 
which is a photographic view of the interior. 

The floor slabs have a thickness of 4 in., and these are reinforced with f-in. 
rib bars. The window lintels are continuous, and these form the beams for 
carrying the floor and wall above each opening. 

The cantilevered balconies are shown in Fig, 7, which is a section through 
the building, and in Fig, 6, which is a detail drawing of this part of the work. 
These balconies are supported by six cantilevers at each floor level, which are 
provided by the continuation of the main floor beams at this point. The latter 
have, however, an increased section for the span immediately behind the canti- 
lever, as this forms the tailing down portion from the front column, which acts 
as the fulcrum. The balconies have a projection of 12 in. from the centre line 
of the column, and the slab which actually forms the floor of the balcony is 
carried by three beams, the two outer ones spanning between the cantilevers, 
and the inner one being supported directly by the columns. The berttn at the 
extreme outer edge has a depth 0/ 18 in. and a width of 6 in., 
and is reinforced by Kahn and Rib bars, while the intermediate beam, 
which is formed midway between the columns and the outer beam, 
is 16 in. deep and 12 in. wide, with reinforcement as shown. The canti- 
levers have a minimum depth of 14 in. at the outer end, and this is increased 
to I ft. 10 in. at the centre of the projection and 3 ft. 2 in. at the junction 
with the column. Reinforcement is provided in the upper and lower 
surfaces, and stirrups arc placed at 4j-in. centres. The tailing down 
beam is also reinforced in the upper and lower surfaces, and similar stirrups are 
provided in the portion adjacent to the column. The floor of the balcony has 
a slight fall from either side toward the centre, and raised concrete curbs are 
formed to confine the wheels of the vans. The arrangement is admirably 
carried out, and the adoption of reinforced concrete for the cantilevers and 
balconies undoubtedly permitted the most suitable and economical form of con- 
struction to be executed. 

The building is effectively designed with terra-cotta dressings and facing 
to the front elevation, while the introduction of a cupola at the corners of the 
main front lends additional interest and gives a good sky-line. The w'eight- 
carrying members in these features are all constructed of reinforced concrete, 
thus giving a complete concrete frame to the whole building. 

The general contractors for the work were Messrs. Holland and Hannen, of 
Bloomsbury. 
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PROBLEMS IN THE THEORY 
OF CONSTRUCTION* 


THE OBUQUE LOADING OF BEAMS AND 
COLUMNS. 

By EWART S. ANDREWS. B.Se.Eng. (Und.). 


The following Afiicle should be of interest to engineers who, in the course of their prsctice, 
must often have to deal with the question of the oblique loading of beams and columns»~-ED* 


Caictjiations arise occasionally in the practical design of beams and columns 
in which oblique loading has to be allowed for. By oblique loading we mean 
“loading whose plane does not contain a principal axis of the section/* and 
where this occurs we cannot obtain* the stresses by the ordinary bending 
formulae. In the case of columns, in which the point most commonly arises, 
“ oblique loading ’* is a special case of “ eccentric loading *’ and arises where 
the resultant load is eccentric and does not act down one of the lines of symmetry 
of the column. 

The principal difficulty is on account of the fact that the neutral axis for 
oblique loading will not be at right angles to the plane of loading. We will 
deduce the formula that can be employed for this case and will then explain its 
use with reference to the case of an obliquely loaded column. 

DERIVATION OF FORMOL.A:. 

Let F/g. I represent any section of a column or beam of which A^’A' and 
FI' are the principal axes. The principal axes of a 
section are those passing through the centroid at 
right angles to each other about which the moments 
of inertia are greatest and least respectively. 
If ihe section has an axis of symmetry, this axis 
will be a principal axis and the other principal 
axis will be at right angles to it. We will show 
later how to find the principal axes of sections 
which have no axis of symmetry. 

Let ZZ be the “ plane of loading/" or rather 
the intersection of this plane with the section. In 
the cfise of qrdinary beams, for instance, the forces 
wx)uld all be in the direction ZZ, and in the case 
of columns the resultant load will act at some point on ZZ. 

NN is the neutral axis of the section, which will in this case not be ,at 
right angles to ZZ,* but at some angle to XX. 

Now consider an element of area a at a point P at distances x, y, n^jfrom 
XX, YY and NN respectively. (In the position shown these quantities will, 
according to the usual convention, be positive.) 

m 
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Then we shall have, since Ihc stresses are always proportional to the 
distance from the neutral axis, /= stress at P=tnn where m is a constant. 

Now if M is the bending moment,* its components about XX and YY must 
be equal to the sum of the moments of the stresses on the section about these 
axes. 

... Af sin A. = component of M about XX=^f .oa ,y 
=^tnny^a (l) 

but n=ycosO’—x sin a ( 2 ) 

[This can be seen from Fig. 2 , which shows this 
part of the diagram redrawn to avoid confusion. 
PS — n, PQ = y, OQ--X. PQ and PR make an angle 
a with each other. QR is drawn parallel to US and 
QT at right angles to ON. 

Then y cos sin o.=PR— QT=PR—SR = PS.] 

. * . M sin A. = 2 w (y^ cos o. — xy sin a) 8a 

= m cos — tn sin o.^xy^a «. (3) 

now ^xy8a is what is called the product ^moment of the section and this is always 
zero for the principal axes ; also ^y^^a=Jxx . 

. * . M sin A. =m cos « Ixx (4) 

Similarly M cos A = component of M about YY 

“'^mnx . 

= (y cos tt— a: sin a) x^a 

=w cosa 2 ^ySa— m sin 8^x^8a 
= 0—fn sin alyy (5) 

Dividing ( 4 ) by ( 5 ) we get 

—cot a . Ixx 


tan A=- 


cot a = 


lyy 

— lyy tan A 
Ixx 

This equation enables us to obtain the neutral axis, 
in its most convenient form we can proceed as follows 
From ( 4 J and ( 5 ) we gel 

MsinA — McosA 

m = - --‘-i r- 

Ixx cos a lyy sin a 

Now/”w«=w (ycos a— -2: sin a) 

— my cosa — W2r sin a 


(6) 

To get the stress at P 




M cos Aat sin 
ivy sin a ' 


_ M sin Ay cos a 

I XX COB \ 

^MsinA.y Mcos^.x /y\ 

'V:'*''; '‘v’ ' ” ' ^ Jyy 

this foirtiila does not involve the actual position of the neutral 
Sr/iittt; calculation of the stress at any point, but it is 

the neiiitai axis,, because the values of x and y required to 
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find the maximum stress will be those for the point at maximum distance from 
the neutral axis, and this cannot always be found until the neutral axis is 
drawn in. An example of an obliquely loaded 
beam arises in the case of the cross beams of a 
bridge inclined to the horizontal, the cross 
beams being fixed “ square ** to the main 
girders. 

In applying this treatment to obliquely 
loaded columns, it should be rememibered that 
the value of / above is that due to bending only, 
and this must be added to the direct stress per 
square inch equal to the load divided by the 
area. 

NUMI^RICAL EXAMPLE OF AN OBLIQUELY 
LOADED COLUMN. 

Take, for instance, a column of the section 
shown in Fig. 3. This is a corner column, 15 ft. 3- 

long, and has loads transmitted to it aj A and 

B of 30 and 40 tons respectively, the resultant of which is a load of 70 tons 
acting at D. We shall see later that this gives a very simple result. 

The following properties of this section arc given in Dorman, Long and 
Co. *s Pocket Companion : — 

-A = 28*59 sq. in. 
kxx= 4*45 in. 
kYY= 3‘39 in. 

D will divide A B in the ratio = - 

DB 3 



Measurement gives ^= 1 10*4° 

. ’ . tan A,= — 2’69 

cot tt [from equation 6] = — ^ ^ [Since / = Aife*J 

28 59X4 45 


3*392 

= 1*56 approx. 

. ’ . a=32’6° nearly 

I'he neutral axis comes, therefore, as shown NN in the figure; the line at 
right angles, which would be the neutral axis if the ordinary treatment applied 
to oblique loading, being shown in dotted lines. 

BO 4 5*55 

[Wecould calculate tan^by noting that tan^=^^ = 2^^^2“2‘69] ^ 

4 X 5*5 

M sin A. will be equal to 70 x OD sin A= 70 X EO = 70 X = 220 in. — tons 


[This is the same as 40 X OB] 

M cos A = 70 X OD cos A = *— 70 X DE = 70 X f X 272 == —8 1 *6 in.— tons - 
[This is the same as 30X OA]* 


m 
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The maximum stress will occur at the^ top left-hand corner, for which 
=5*5 in., ;c=— 6 in. 


. * . Maximum bending stress =/= 


220X5'5 

28-59X4-45* 


81-6X 6 

’^28*59X3*39* 


= 2*14+1-49 
=3‘63 tons per sq. in. 
70 

Direct stress=—-.= 2*45. tons per sq. in. 


. ' . Combined stress =6*08 tons per sq. in. 
Taking the safe stress by Rankine's formula 

t 

l+ 600 o(vy 


we get/p=' 

1 + 


6 

1 5X 12X15 X 12 
6000X3*39* 


=4*08 tens 
per sq. in. applox. 


On the above figures, therefore, the section is not quite strong enough. 


SIMPLIFIED TREATMENT. 

At the beginning of this example we remarked that it gave a simple result, 
the reason being that in this exrimplc the loads are applied on the principal 
axes. This will be seen by noting the faicts that the AfsinX and McosX come 
equal to the B.Ms for the two loads considered separately and that the formula 
for / then comes equal to the sum of the bending stresses for the two loads 
considered separately by the ordinary formulae with XX and YV as neutral 
axes. , Wo get, therefore, the following simple rule for a column obliquely loaded 
when the loads are applied on the principal axes : — Calculate the bending 
stresses for each load separately and aSd both these to the direct stress; than 
the result should not he more than the safe central stress for the given column 
according to the standard column formula. 


EQUIVALENT CENTRAL LOAD. 


The most convenient way of dealing with the eccentric loading when a 
table of safe central loads for various column formulae is available is to find the 
equivalent central load. 

This may be done in the present case as follows : — Let Wy and Wx be the 
loads applied on the axes YY hnd XX respectively, tlien equivalent central load 


= W,- Wv(l +'M) + Wx{l + g) 


Wmn «M ai<etbe «oceBtrk»ties of Wy and and y, x are the distances of the 
^ the section fyoth XX and YY respectively. . ' 






"■+30x2-42 ■■ 

to' berth ends ■rounded (as we 
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have done in Rankine’s formula), the equivalent length according to Messra. 

Dorman, Long and Co.’s ircatmenl is?^ ft. . Their tabulated safe central 

; 3 

load for this section, 20 ft. Jong, is 145 Ions, so that on their figures also the 
section taken is too small for the loads taken. 

DETERMINATION OF PRINCIPAL AXES. 

We stated earlier in the article that we would 
indicate how to calculate the position of the principal 
axes. for a section with no axis of symmetry. 

Let Fig. 4 represent any such section. 

Take any two convenient axes, UIJ and 
at right angles to each other, and also a third axis, 
WW. at 45 deg. to either. 

Calculate (graphically or otherwise) the 
Moments of Inertia I uv 1 w Iww ‘'>^>0^1 these axes. 
Then the inclination of the principal axes to UU 
and FF is given by 

Tan 

luv^^vv 

The angle )3 is given in the tables of standard sections for Z and unequal 
sections, which are the only non-symmetrical sections which occur. 
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SOME RECENT EXAMPLES 
OF REINFORCED CONCRETE 
CONSTRUCTION IN SOUTH 
AFRICA. 


In A former issue toe presented a description of the use of reinforced concrete in South 
XfricAp And in coniinUAiton thereof toe noto give the fotiovoing oArtlculArs of some viork 
CArried out Mr* Edmund D* Pickford, of johAnnesburg, toho hAS prepAted these notes 
And furnished us toiih the iltustrAtions*—ED, 


The chief difficulties which militate against the more general use o*f reinforced 
concrete in South Africa, more particularly in Johannesburg and inland towns, 
states Mr. Pickford, are the heavy cost of cement, labour and timber. 

The price of cement, for instance, varies from 31s. 6d. per cask in Johannes- 
burg to as much as 55s. in some of the chief towns in Rhodesia. 

This heavy cost is largely due to railway charges. 

The price of labour, too, bears more heavily than that of cement on the 
cost of reinforced concrete construction. 

The standard rate of wages for carpenters in Johannesburg is 20s. per day, 
while it varies from 25s. to 30s. in parts of Rhodesia. 

The mixing and laying of concrete is, of course, done by coloured labour, 
either Cape Boys or Raifirs, who are paid in Johannesburg about 3s. a day ; and 
although this is less than the wages of the English labourer, as one has, as a 
rule, to break in a fresh gang of concrete mixers for each job, and to pay for 
white superintendence, the cost of mixing and laying may be reckoned as at 
least equal to that in England. 

Even, as along the East Coast, where one pays as little as is. a day for 
native labour, the result is much the same, as the labour is less efficient and 
the necessary superintendence costs more. 

Labour-saving machinery is not economical, except in very few instances, 
as it involves white attendance, and the cost of transport and repairs at places 
away from towns is very heavy. 

Timber works out roughly at about twice the cost of that in England, and 
as most jobs are not conveniently placed alongside the timber yards, sometimes 
being two or three days’ trek by ox* wagon from the railway, it is necessary to 
. calculate oner’s requitjeuients in this direction very exactly, otherwise expensive 
delays are entatl^l. 

Farther, ili i new country, esf^i^^ in the mining^ centres, it is not the 
which tasf% longest or is most efficient that appeals to^the employer’s 
but: that WldiA costs least j therefore reinforced concrete has to compete 
which has been brought by competition to great 


;& aS5gSSB5?S REINFORCED CONCRETE SWIMMING BATH. 

economy and efficiency, and against brickwork, the prices for which are fairly 
low throughout the country. 

However, despite these drawbacks, a fair amount of work has already been 
done in the country, and there is no doubt that, with some competition in the 
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manufacture, and a consequent reduction tn price, of cement, the amount of 
would be vastly increased. 

c 2 
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Swlm^mliirc Biaih, Durban. 

This bath is situated on the ocean beach just above high-water mark, and is 
300 ft. long and 75 ft. wide, and is therefore one of the largest in the world. 

It was designed by 
Mr. John Fletcher, 
M. I n s t. C. E., the 
Borough Engineer. 

The bottom is 9 in. 
thick with ribs at 10 ft. 
intervals reinforced as 
beams, and the sides are 
9 in. thick at the bottom, 
and taper to 6 in. at the 
top and are strengthened 
with counterforts above 
the ribs. The reinforce- 
ment consists of indented 
bars and a steel netting. 

The work to the 
bottom was carried out 
continuously day and 
night, and, despite flo::d- 
ing by an unusually high 
tide, the whole of the 
excavation and r e i n - 
forced concrete w o r k 
was completed in about 
nine weeks. 

Tube Mills Supports. 
Vlllsge Deep Gold Mine. 

This is one of the 
largest and most com- 
plete installations of tube 
mills on the Rand, con- 
sisting of six mills, each 
about 35 ft. long and 
5 ft. diameter. As the 
tube mills each weigh 
about 30 tons and make 
35 revolutions per 
minute it will be under- 
stood that a considerable 
mass of concrete would 
* be required to withstand 
the vibration. As a 
matter of fact, this is 
scarcely noticeable even 
with all mills running. 
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The reinforced concrete main beams have a span of 25 ft. and carry a 
platform calculated for a super load of 500 lb. per sq. ft. The reinforcement 
consists of mild steel rods, arranged on the Smith Pickford patent system. 

The same type of construction was adopted at the Jumpers Deep Gold 

Mine, but in 



this case the 
height of the 
platform above 
ground was 
13 ft. instead 
of 10 ft., and 
there were only 
three mills. 

Premier Milling 
Q Co. Premieee, 

S Germiston, 

K Johnnneeburg. 

H This build- 

0 i n g is oon- 

s structed e n - 
? lirely of rein- 
J forced concrete, 
0, the walls being 
g 6 in. thick with 
« 18 in. piers 

3 and wall 

1 ^ beams, which 
S carry the 
t weight of the 

f loo r s and 
I machinery, on 
g the same prin- 
H ciple as a steel- 
framed build- 
ing. 

The centre 
portion of the 
building con- 
tains twelve 
silos for the 
storage of 
mealies,, ea^ 
'‘6 ft, square aiicl 
45 ft. high. 


The reinforcement throughout consists of plain mild Steel rods on the same 


system as the last. 
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^UppOrtis^ ft- ‘’n height, carry a travelling' 

, "" ;,V'';,' ‘ ^ . excavator 

which weighs 
over 40 tons 
and has arms 
25 ft. in length 
fitted with 
discs which 
rotate within 
the tanks 
ploughing up 
the sand. 
These arms 
each weigh 
ab(j|Ut 2 Ions 
and are driven 
at from 30 to 
45 revolutions 
per minute, 
and as in 
their rotation 



Travelling Excavator Supports. Crown Mines. 




' V': . two ti!^acki . 

, * with'ia yCpnn^ring turh-^ ' 
table, also constructed in 
Tieinforced concrete. 

The reinforcement 
consists of round steel 
bars from J in. to in. 
in dia., and the uprights 
and beams were cased up 
and cast in situ. 

* The same design 
was adopted at the City 
ej Deep Mine, where the 
^ miners carried out the 

g work themselves, but in 

5 this case the . uprights. 
o were cast on the ground 
< and raised into position. 

H 

as 

0 Or* Bins* RAndfoataln 

K Cantral Gold MIno CoT. 

u 

1 'These ore bins are 
g placed near the, 600 

6 stamp battery, and the 
S ore is conveyed to them 
“ b>ra double railway track 

0 on which run 40- ton 
S bogey trucks, having a 
S side discharge. The 
5 capacity of the bins is 
5 about 1,500 tons, and the 

1 bridgework over them is 
S open, consisting of rein- 
^ forced concrete main 

beams and stiffeners, 
which are calculated for 
locomotives of 17 tons on 
the driving wheels. 

The walls vary from 
9 in, to 6 in. in thickness, 
and are stiffened with 
counterforts and horizon*- 
tal beams. 

The reinforcement 
consists of mild steel 
bars. 

Somewhat .similar 


Hi 





bins have also 
been co n - 
structed for 
the Nourse 
Mines. 

NAtive 

Compounds. 

The writer 
has c o n - 
structed a 
cons iderable 
number’ of 
these build- 
1 n g s , suffi- 
cient, in fact, 
to ^ accommo- 
d a I e over 
10,000 boys, 
for various 


Native Compounds along the Reef. mines alony^ 

the Reef. 

The principle adopted by him is that of casting the walls in slabs about 
8 ft. in width by the height of the building, usually lo ft., and raising them by 
means of a derrick. 

The thickness of the slabs is 3 in., and they are reinforced with plain steel bars 
which project 

beyond their 

ends and are 
embedded in 
r e i n f o reed 
concrete but- 
tresses. 

This sys- 
tem admits of 


fairly rapid 
construction, 
the rooms, 
28ft. by 
25 ft., being 
completed at 
the rate of 



pne in tbre^ 
Idays, 

111 jgr fotinlla- . 
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REINFORCED CONCRETE DAW. 


Reinforced Concrete Dnm, 

The accompanying photographs show the upstream and downstream views 
of a reinforced concrete dam, designed and constructed on the farm, Rietvlei, 
near Johannesburg. 

It is probably the first dam of this type completed in South Africa, and 
takes the place of no fewer than four earth dams, which have been carried away 
by the sudden floods, to which the supply stream, like most others in South 
Africa, is liable. 

The upstream face has an inclination of 45O, and is supported on reinforced 
concrete ribs spaced 10 ft. apart. The foundations are partly on rock and partly 
on clay, and are formed by a grid of reinforced concrete beams. 

During its construction it was exposed to severe frosts, and afterwards 
remained dry for five months, with a differential night and day temperature of 
about 100^, until filled by the first flood of the rainy season, so that it may be 
supposed to have undergone the most severe trial to which a dam is liable. 



Reinforced Concrete Dam near Johannesburg. 
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RECENT BRITISH PATENTS 
RELATING TO CONCRETE. 

We propose to present MUntervjits psrticaUrs of British Pstents issued in connection 
Vftth concrete Jtnd reinforced concrete* These psriicuUrs hjpoe been prepared for this 
Journal bvMr* A* W, Farnsworth, of Strand Chambers, Derbv* The last article appeared 
in our issue of October, 1912*— ED* 


improved Hollow Beem of Cemeni^ or Concrete and Apparatus for Making 

Same, — No, 22,196/12. F* Emmrich and u. Silbermann. Accepted January 9/13. — 
The principal points about this invention are the use of hollow supporting beams for 



floors, having egg-shaped cores. Fig. 3 shows a 
section of beam adopted, e and / (being knlges upon 
which the flooring slabs are carried, fe, k 'being 
wood insets on top and bottom for easy attachment 
of floor and ceiling materials. The hollow interior 
being egg-shaped it is claimed gives a much tighter 
beam than ordinary, since the construction allows 
of the walls being made thinner than is usually the 
case. Fig. i shows, in perspective, one type of 
floor for which these beams may be utilised. Fig. 
4 shows the metal core which is used for producing 
the hollow beams when moulding. It is made in 
upper and lower sections out of metal materials. 
The lower section (m) carries a series of small 
rollers (p), and the upper section is hinged at o; t 
is a girder running longitudinally through the core 
carrying strips (s) pivotly connected so that when, 
by means of screws, the girder (t) is moved length- 
wise in the core, the sides (n) of the casing are 
caused to come inwards, hinging around o. The 
upper portion of the mould thus falls down on to 
the rollers (p\ being guided by the L’s (r) falling 
down the sloping sides (q). When in this manner 



the top half of the* mould, has fallen on to the rollers it is easily pulled away and the 
bottom half (m) of the mould is then slightly lifted and withdrawn. 


Improved Arrampemeot of Coastruetionai Steel or ironwork or Reinforce- 
memt fdr Cpncroio osa tkd No. S,rs4/i2. J. D. Roots, M.t.M.E. Accepted 

Jaouoyy. 23/ t|ie object of providing a simpler and cheaper construction of metallic 

involving less time labour in fitting same into position 
lhain other of and yet be equal to most knowtf method in strength, 

r|hhohsx>r bars of. flat steel for connecting the main reinforc- 
Fig. t is shown a floor constructed on this method. B, B 
of which have 'been placed slots staggered relatively 
distances or interv^als in accordance -with the load or 
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stress on the floor. Into these slots are laced the steel ribbons, as shown in Fig, 3, so 
that a continuous lacing effect is obtained as between the top and bottom main members. 
Various modifications are also shown and. alternative methods of construction, in. 





eluding the design as applied in the case of columns, pillars, etc. The inventor does 
not confine himself to main members composed of T-seclion only, but illustrates several 
other sections. 

Improxementa in Reinforced Concrete Bemma,--- No, 15,889/12. /, T. McNay: 
Accepted January 9/13. — The inventor describes here a method of holding reinforcing 
bars more or less rigidly within the mould, so that when ramming of the concrete 



^ material takes place these bars shall not be 

J / dispUiced or upset in their various relatii^ships 

with each other. He explains that in the 
ordinary way, when reinforcing bars are not 
^ f rigidly held in the mould, a great deal of time is 

\ wast-^ in setting and -there is always the risk 

of the bars getting knocked out of {x>sition or 
W being improperly placed in the concrete. The 

M ' method is illustrated in Fig, i in the case of a 

t m M longitudinal beam supported by columns. The 

jdi ^ ordinary centering is placed in position, as shown 

P h d e ^ ^ ^ * blocks (d) are placed on the top 

Mg M edges, and on these rest dropp^ bars (c) which 

H BI M carry the top reinforoement memibers (a*). From 

these latter menrhers looped bars (ci) are sus- 
pended for carrying the upper ends of the bottom 
reinforcing memlws (a» and as), their lengths 
^ being proportionate to the proper distances 

wt required -for setting them in the mould. Fig, i 

shows these looped bars in position. The mould 
ic! then rammed with conorete, the centering afterwards knocked away and projections 
dressed in the ordinal^ manner. 

• 

Improvemeatt in Rtlatoftitd Coacnte,—’No, D. G. Somennlle, 

Accepted January 23} 13,— This deals with the twisted wire method of securing main 
reinforcing members together. It is stated that %he uw of this method it is not 
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nf>cessary for main members to be 
slotted or specially shaped, since the 
wrapping of the wire round them 
causes the latter to grip them firmly 
when finally twisted together. An 
added advantage is stated to bo that 
subsidiary members can be added before 
the reinforcement is in situ, since the 
whole of the latter can be built up in 
the workshop or in any other con- 
venient place and then dropped into the 
mould as a whole. Thus such memibers cannot be displaced during the ramming of 
the concrete in the moulds, but they, and also the main reinforcenlent members, will be 
kept in their proper assigned place. Fig. 4 shows a diagram of the annealed mild steel 
wire used wrapped round four main st(‘el members, the arrangement being such as to 
leave at least two parallel lengths of wire one on either side of the main members. 
These are then engaged by a tourniquet, or its equivalent, and twisted round one another 
until the desired tension and an effect like that illustrated in Fig. i are obtained. 
During this pnx^cdure the main members must be held immovable in a suitable frame- 
work. It is stated that after the withdrawal of the Uxirniquet the central eye, 4, may 
in some instances be pinned to the concrete, although generally the twisttxl ^^ire will be 
securely anchored without this extra assistance. 


WNCSETEl 





Improvements in end relat- 
ing to Consolidating Concrete 
within Moulds. — No. 3,248/12. 
H. C. Heide. Accepted February 
6/13. — ^The underlying idea of this 
invention is to obtain homog<‘tneity 
in concrete constructions made in 
moulds. In order to consolidate the 
concrete, the table or supporting 
platform upon which the moulds are 
placed for filling is pivot ly mounteil 
and is combined with means for 
imparting suddenly-arrested vcn-tical 
rocking movements in intersecting 
vertical planes. Fig. 1 show s the table 
(g) supported ujx>n a suitable frame- 
w'ork and pivotly mounted on /. 
Fig. 2 shows a plan of the frame- 
w’ork, and gearing is introduced so 
that tilting movements are imparted 
in such manner that each corner of 
the platform receives two or more 
blows in quick succession. Various 
cams are used, so that the order of 
the blows or shakes may .be varied 
as desired. Figs. 3 and 4 show this. 
The specification descrit^ the con- 
struction in detail. 




I I# to the ReMoreement of doncreta Structures, 

Oe resion. Accepted February 6/13.— The object of this 
injptdved meahs of looping or binding longitudinally rein- 
,w of spirally-wound metal. The helical 
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windings are each provided with a com- 
plete loop at each end with or without 
additional loops adapted to encircle 
other longitudinal rods. In the 
sketches a, a are loi>ps formed at the 
ends of the windings h, b, and the 
latter may be right- or left-handed 
helicals, or they may l)e right- and left- 
handed helicals alternately disposed 
with or without a short interval be- 
tween the windings. Preferably the 
windings will be formed on a mandrel 
or template before use, and they would 
then be threadt^l on to the vertical bars 
as- soon as the bars are put into position 
ir stead of long lengths, the meimbcrs can 
facilities than when long lengths of wire a 




It is stated that, employing short helicals 
bc‘ disposcHl and arranged with much greater 
re ust»d. " 








A J 
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Improvemeats in or connected 
with Meena Bmpioyed in the Con- 
atruction of Bargea or other Veaseia 
of Reinforced Concrete and in 
Veaaeia Constructed of auch material 
— No. 2,138/12. N. JC. Fougner. 
Accepted January 27/13. — Not very 
much progress has yet b<?<'n made in 
the art of constructing reinforcfxl con- 
crete barge's or vessels, and this is a 
device designed to facilitate the build- 
ing of composite hulls without the great 
expense which has hitherto att<*nded 
experiments made in this direction. 
The principal feature of the invention 
is a special cradle, upon which the 
forms for receiving the concrete can bt* 
readily and cheaply laid. Fig. 1 shows 
this in part sectional elevation, and 
Fig. 3 in half-cross section with moulds 
in jx>sition. It will be seen that the 
central idea is to provide a strong steel 
undier-body furnished with a sufficient 
number of wheels which rest upon a 
railed platform. The rails are arranged 
sloping towards the water, and /the 
cradle is held in position by a windlass 
and rope. When the* barge is ready for 
launching, the windlass is operated and 
the cradle rolls on its rollers into the 
water, where the hull floats off its 
supports. The cradle is then hauled 
back again and re-building commences. 
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The construction is shown in detail in the various drawings, and the operation of build- 
ing the hull upon the cradle is further described. 


improvemots in Mod re- 
imtittg to Mooidu tor Coating 
Coacreto mod Lika Wolla. — 

No. 11,072/12. W. M. Venables. 
Accepted January 30/13. — ^This is 
an attempt to improve the assem- 
bling of wall moulds of the kind 
cxMistituted by rows of abutting 
flanged plates. Fig. i shows 
these moulds in perspective eleva- 
tion, and it will be seen that 
square flanged plat<^s are em- 
ployed, these being joined together 
by means of slots (8), through 
which pins and wedges, as shown 
in Figs. 2 and 3 are inserted. 
The walls are kept the right 
distance apart by means of dis- 
tance pieces, shown in Fig. 4, 
likewise held in position by wedge 
constructions. In order to obtain 
perfect alignment, flat strips (7) 
are insert^ between the flanges 
of the plates, either vertically or 
horizontally as may be required, 
and it is claimed that when this 



construction is made of light steel- 
work it is very readily erected, that it gives a good surface, that the plates arc kept 
properly in alignment, and that a good job is made. 


improved Process tor the Manu^ 
toeture of Sleepers ot Reiatorced 
Concrete— No. 13,56.*;. G. H. Gin. 
Accepted January 16/13. — This inven- 
tion describes a proce^ss for the manu- 
facture of sleepers of reinforced con- 
crete, according to which the sleepers 
are composed by casting of wet or 
sloppy cement mortar pound in a 
special mould into w^hich has previously 
been placed the reinforcements with or 
without metal fibre, and the spiral 



strips for reinforcing the screw-threads 
mounted on standard pattern coach ^ 
screws. Fig. 2 shows the hydraulic 
press in which the sleepers are pro^ 
ducedt together with the mould for 
same in position. Fig. 3 shows the 
spiral strips used for reinforcing the 
screw-threads of the coach screws which s 
are cast in position^ The inventor 
describes the process of moulding at £ 
lenj^thi which 1$^ briefly,, that the mould 
- bottom 

' cast' wjthSn 
W ^ fhat ' wbed 

ahd the water begins to flow away from the sloppy cement 
b^ brdught to rhe proper size as the bulk of the mortar gets 
the steep^S are practically dry, and may be 
tt|e m^ld'and the process continued. 
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Hemd tor Roiatorced Con- 
crete Piie8.~~ No, 17,682/12. F, J. 
Stulemeyer, Accepted January 
9/13. — The well-known difficulty 
in driving concrete piles with- 
out hurting their heads is here 
dealt with by providing such 
piles with heads which are made 
of flexible material, similar to 
mortar and firmly connected 
with the body of the piles. 
Figs. I and 2 show that this is 


attained by making the reinforcing bars (b) of the pile 
body longer than usual, so that they project. ^ The line 
A, B in Fig. i represents the end of the pile i>roper, 
the portion above the [ine being the capping material. 
Horizontal binders (/) may be employed in the cap similar 
to those in the body of the pile. In order that the head may 
be easily removed after driving, a separate layer, made of 
paper or similar material, is intrcxluced on the surface A B,. 
The head is then composed of a mixture either of cement 


and asbestos fibres or cement and saw-dust, or cement, 


saw-dust and magnesite or some other flt\ible mortar in which fibrous material such 
as hemp, cellulose, and the like may be employed. It is claimed that this construction 
saves considerable expense and has many advantages. 
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CEMENT AND CONCRETE at 
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OF CEMENT USERS, U.S.A. 

TESTS OF WATERPROOFING FOR 
CONCRETE. 


By CLOYD M. CHAPMAN. 

Engineer in Chnrge, Westinghouee, Church, Kerr & Company, New York, N.Y. 


The fotiowlng Peper V)as reed at the Ninth* Convention of the National Association of 
Cement Users, U*S,A, — ED, 


So much that is contradictory has betm sajd and written concerning various methods 
of producing concr<'te which is watcirproofing, and so much has biH^n claimed by th<‘ 
vendors of various compounds which have been offered to the public as a positive* 
solution of all wakT-proofing probk*ms, that it is not surprising that not one cement 
user in ten has any definite or fixed opinion as to how to mot*! the problem of pro^ 
ducing a waterproof concrete. There seem to bo as many opinions on the subject as 
there are men willing to express their o^jinions. And th<* many methods which have 
been us<*d differ greatly from eacn other. They are not all bad, for some of them have 
been very successfully applie^d. 'fhey are not all good, for many failures have occurred. 

To throw more light upon the effectiveness of the various methods of waterj)roofing 
concrete a great many tests have been made by numerous investigators. The method.^ 
used by these experimenters have ranged from absori>tion tests to high-pr(*ssure tests 
necessitating more or less elaborate apparatus. 

The absorption, or non-pressure, tests are made by preparing specimens of any 
[•nedetermined size and shape of the concrete waterproofed by the particular methods 
under investigation. After the desired age is attain.e*d, these* specimens are <*ither 
immersed in water completely or immersed almost comph'tely, or placed in sluillow 
water so that the bottom only of the specimen is wet ; or the specimen may be made 
cup-shaped, so that the water may be placed in the depression in the specimen, or a 
container for the water may be attached to the surfaces of the specimen. 

In all these forms of tests the results are expressed in terms of the amount of water 
absorbed or the rate of absorption. 


In the pressure tests the specimen is either so made that the water-pressure may 
be applied to the interior o-f the test piece, or it is so made that it may be inserted in 
the apparatus in such a’nianner that the water-pressure may be applkxi to a certain 
area on one face of fbe test piece. In this form of test the results are expressed in 


taips of the amount of water passing through the specimen or .the rate of flow 
thrwgh {t, 

^ Spth ttie very valuable' if carried out in such a manner that the 

::fisulfe;ipay ,re^ tp compare with results which may be obtained in" 

^4 /it is desirable that certain precautions 1>e observed in 
conducting tests, so that the results shall not be misleading 
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It is the purpose of this paper to call attention to some of the features of tests of 
this class and to emphasise more stronglj^ certain precautions, failure to observe which 
may cause some of these tests to give very *deceptive data. These precautions apply 
particularly to tests made for-^the purpose of determining what method shall be used 
on a particular piece of work in the field. Some of them do not apply to tests designed 
only to compare the relative efficiency of various methods, without regard to any par- 
ticular work at hand. 

First : The selection of the materials to be used in making up the tost pieces. These 
.should be selected from those available at the site of the work which is to be done* 
Ihis is particularly true of the fine and coarse aggregates. It hjis more than once 
happened that tests made with suitable aggregates have shown a particular method 
w give a waterproof concrete, but the same treatment failed when the aggregates 
available in the field were used. If, therefo.re, it is desired to determine by test how 
to prfxluce a waterproof concrete for a particular job, the materials available at the j<>b 
should be used in making up the test pieces. It is also important, in connection with 
the selection of aggregates, that there bo secur^Hl a suffieiont quantity of the materials 
to be used to conduct the entire line of tests contemplated, so that there need be no 
change in the materials used. 

Second : The proportioning of the materials : This should be done with a view to 
determining the proportions to be* vKsed later on the work. The proportions to be used 
in the tests : 'J'here is little use in testing only a i : 2 -.4 concrete for watertightness, 
and then use i : 2J : 5 on the job. 

Third : The mixing of the materials. This should duplicate as nearly as possible 
the mixing to be used on the work. Many a wetlhmixed concrete has proven water- 
proof which would have failed utterly if carelessly mixed. There is a tendency to very 
thoroughly mix concrete for a test, and then make no special provision for thorough 
mixing on the job. 

F ourth : The consistency of the mixture. This should be carefully considered 
l>ccause of its influence upon the results. A consistency should be chosen which it is 
practical to use on the job under the circumstances prevailing there. For instance, it 
is useless to test a concrete of so thick a consistency that it would have to be spaded 
into the forms if, on the job, the concrete is. to be spouted from the elevator, and, 
therefore, necessarily of a much thinner consistency than was used in the test. 

Fifth : The moulding of the test specimen. This process should imitate as nearly 
as posisible the filling of the forms as it will be done on the job. To make a test piece 
by putting into the mould a small quantity of concrete at a time, and constantly tamping 
during the filling process, would probably produce a deceiving result. 

Sixth : The finishing of the surface to be tested. This is one of the most important 
points in the preparation of test specimens. The condition in which that surface which 
is to be subjected to water iis left has a very great influence upon the results obtained. 
For instance, it is quite possible, by means of a little trowelling, to produce a skin, or 
surface coating, of nearly neat cement. This will produce a dense surface much more 
impermeable than the body of the concrete, and show results far superior to an 
untroweUed specimen of the same concrete. It is recommended that specimens be so 
prepared that the surface exposed to test truly represent the body of the concrete. This 
may be accomplished by removing the surface of the specimen after the concrete has 
hardened by means of a wire brush or by chipping or breaking off the surface before 
test. 

In the case of absorption tests this may be done with a stiff wire brush when tl^ 
specimen is about twenty-four hours old. In the case of the pressure tests, only thgt 
portion of the surface which is to be subjected to the pressure and that portion front 
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which the water passes out of the specinlen need to be removed. This may be accom- 
plisiied by making the test piece with additional material added to the surfaces to be 
tested, so that this additional concrete 'may be broken off after the specimen has 
hardened and before the test is performed. Unless some such precaution is taken, 
tests of this character are liable to show the efficiency of the surface of the specimen 
in resisting the water-pressure rather than the value of the mass of the concrete in 
performing the same function. 

One suitable form for a specimen for pressure tests is shown in the accompanying 
illustration. It is in the form of a central disc, a, of suitable diameter and thickness. 



The outside surface and the outer portion of the two faces of this disc are moulded 
smooth and regular, so as to fit the receptacle or holder into which it must be placed, 
in order to apply the water-pressure to a definite and restricted area of its surface. 
From the central portion of the two faces of this disc project truncated cones, hb, whose 
smaller diameter is just equal to the diameter of the circle which is to receive the water- 
pressure* After the specimen has hardened and is ready for test, the two truncated 
tones a.re broken off with a blow of a hammer, leaving a disc such as is shown 
at c. 

By this method there is exposed to the water-pressure a freshly broken surface of 
concrete which has not been subjected to trowelling or other influences tending to alter 
the natural condition or distribution of the constituents of the concrete. This freshly 
broken surface is not only presented to the water on the side to which the pressure 
IS applied, but is also provided on the opposite side where the water leaves the 
specimen. The test, therefore, is made on a certain thickness of concrete taken from 
the interior of the specimen, and the results are not influenced bv the method of 
finishing these two surfaces. 

There are, of course, cases in which it is the surface permeability that it is desired 
lo test, and in such cases this form of spedmein is unsuitable. But in all cases in 
which the watertightness of the concrete mass is to be determined the above type of 
specimen is much to be preferred. 

There are also variations of this form of test piece which will accomplish the same 
result. Any method which removes the finished surface from the area to be tested is to 
be preferred to one which does not remove that surface. 

Even in such cases as those in which the specimen is moulded on a surface of 
glass or other smooth material and no trowelling is done, there is a concentration of 
cement and fine aggregates next to the surface which must affect the results obtained 
if this richer layer or skin is not removed before test. 

Senfenth : Ihe coring or ageing of the specimen. This matter should also be decided 
yyith a view to licm^tions which will prevail In the field when the real work is done. 

pKt the job to fce^ the concrete constantly wet for a considerable 
should not be stored in water. If the only wetting the 
in the is id is the water contained in the concrete when it is placed, 

; th^, receive no, additional water after moulding. On the other 

^ allowed to dry out any faster than would tlie work in the 
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field, as they would doubtless do owing to their comparatively small size if kept indoors 
in a laboratory and no precautions taken to regulate the drying process. 

The specimens have now reached the stage when they are ready for whatever 
tests are to be applied to them, and the methods used in performing these tests are 
so varied that the limited scope of this paper will not permit an extended discussion of 
them. Those with which the writer is familiar appear to be open to little, if any, 
criticism. One of the most important features is that the conditions adopted shall 
remain constant throughout the test. 

If the test is an absorption or a non-pressure test the immersion or partial immer- 
sion should be under uniform conditions and for definite lengths of time in clean water. 
If the test is a pressure test, the pressure should be kept constant, the water clean*, and 
the method of measuring the water passing through the concrete accurate. As the area 
subjected to pressure is usually small, the amount of water passing is correspondingly 
small, and in some cases where the measurement of the water is made by collecting the 
drippings from the underside of the test piece the element of evaporation may greatly 
affect the results. A form of apparatus in which the amount of water passing 
into the specimen is determined eliminaites this error. 

In this ^orm of apparatus the specimen is clamped and sealed to a metal cap which 
is provided with a projecting vertical graduj^ted glass tube. The cap and the tube are 
filled with water and air-pressure is then applied to the top of the tube in any desired 
amount. As soon as the specimen has become saturated and water begins to flow from 
its exposed face a reading is taken of the water in a graduated glass tube, and there- 
after readings are taken at regular intervals of time during the period of the test. If 
it is necesisary to introduce more water into the system when testing porous concretes, 
this may be done bv opening an inlet which is supplied with water at a higher pressure 
than that of the air in the tube and so filling the glass tube again up to the zero mark. 

By this method accurate determinations may be made of the amount of water 
forced into a concrete which is so near waterproof that all, or a great part, of the water 
which passes through it would be evaporated from the exposed surface. 

An^other matter in i^onnection with tests of waterproofings for concrete which seems 
to have had but little attention paid to it is the effect of time and the elements upon 
efficiency of the waterproofing materials. In practically all of the numerous tests of 
waterproofing made in the past seven or eight years in the laboratory of Westinghouse, 
Church, Kerr & Company, it has been the custom to expose the test pieces to the 
action of the weather on the roof of their office building after first testing them, and 
then testing again after six or twelve months’ exposure. The results of these tests after 
prolonged exposure show that few, if any, of the materials which are applied to the 
surface o-f concrete to waiterproof it after it is made will retain even a fair proportion of 
their efficiency. In the case of those methods by means of which the entire mass of the 
concrete is designed to be waterproof, there is shown sometimes a steady improvement 
after exposure and sometimes a marked decline. In some cases the life of the treat- 
inent is very short and the failure after a few months’ exposure almost complete. 

It is important, therefore, before any particular method of waterproofing be 
adopted, that the probable life of the treatment be ascertained. It is pretty well estab- 
lished that a good concrete without foreign substances in it improves with age, becomes 
more dense and watertight, but the same cannot be said as positively of a concrete 
containing some of the recently deveipped compounds intended for waterproofing. 




THE WORK OF THE GROSS-LICHTERFELDE 
TESTING. STATION. 

The follav>ing article on the Gross-LicMerfelde Testing Station, Berlin, should be or 
interest to those of oar readers toho follow the research work carried on in different countries, 
as this testing station undoubtedly takes a very high rank among our scientific institutions* 

This article has been prepared for us by Dr* Cecil H* Desch, of the Glasgow University, 
and Professor Martens, Director of the Testing Station, kindly placed the illustrations 
at our disposal*— ED* 

Qenenlly* — The report of the Royal Station for the Testing* of Materials at 
Gross-Lichterfelde, near Berlin, has now been published for the year ending March 
31st, 1912, and affords a convenient opportunity for considering the nature and 
extent of the work carried on in this celebrated institution. The six depart- 
ments of which the Station consists have come into being at different times 
between 1871 and 1886 to meet the needs of the Charlottenburg Technical 
School, the Berlin Academy of Mines, and of various public departments and 
associations of manufacturers. The accommodation provided at Charlottenburg 
from 1884 onwards proving insufficient, a new Institute was erected at Gross- 
Lichterfelde, and was opened in 1904. 

Our illustrations. Figs, i and 2, show the vast size O'f the building, which 
is situated between the main road and the railway, on the way from Berlin to 
Potsdam. The site secured is of ample dimensions, to allow of future growth, 
and also to provide sufficient space for open-air tests and for temporary erec- 
tions. The equipment is admirably complete, and the handsome “ Denkschrift ” 
published on the occasion of the opening, and giving full details of buildings, 
plant, and apparatus, should serve as a standard work of reference on the 
important subject of the equipment of laboratories for the testing of piaterials. 

, : the staff of the Testing Station was composed in 1911 of 227 persons, no 
lifers than 714 ^ a University training. The director is 

aubrdirectors and chief assistants include such 
immes Rudeloff, Gary, Heyn, and Burchartz, 

th 4 teaching staff of the Charlottenburg Technical School 

transfer to the^new site. 
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EXPLANATION OF 

A — Principal Building. 

— West Testing Rooms. 
flL — West Laboratory Building. 

MV — East Testing Rooms. 

— East Laboratory Budding. 


letters on block. 

W— Workshop. 

C — Engine House. 

D — Accumulator Building. 
SR — Cooling Tower. 

F — Fire Laboratory. 

K — Boiler House 



FiS 2. Plan. 

Gr'iss-Lichtbrfei.ue Testing Station, Berlin. 

The following are stated by the director to be the principal objects of the 
Testing Station : — 

(a) The improvement of methods, machines, instruments and apparatus 
employed in testing, in the public interest. 

(b) The testing of materials and structural members : — 

1. In the interests of the public or of science, so far as the means 
are provided by the State or by private persons. 

2. At the request of public bodies or private persons, against the 
payment of a fee, official certificates being granted. 

(c) At the request of both parties to decide in cases of dispute as to the 
strength or quality of materials or structural members. . 

Further, as far as the interests of the institution permit 

(d) Instructjon of students in the Technical High School and the train- 
ing of yoling assistants in the practice of testing. 

{€) The encouragement of research in certain special departments by 
allowing the use of the equipment by outside investigators. 

The work of the Testing Station is distributed, over six departirtents^ 

^ 57 \ 
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namely^ metals, building’ materials, paper, metallog'raphy, general chemistry, 
and oils. Of these, the second is naturally of principal interest to the readers 
of this journal, but the first also includes much work of importance to the 
constructional engineer. 



materials occupies the ground 
, foomis in other parts "of the 

The photograph. Fig. 3, 
of- this ^jpartment, provided with four com- 
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pression machines, of 400, 150, 40, and 33 tons capacity respectively, as well 
as 5- and 2-ton presses for transverse tests. All these presses are hydraulic in 
action, and the loads arc read by means’ of pressure gauges. The same room 
contains the machines for testing cement briquettes in tension, and Gary’s 



apparatus for determining the permeability of mortar anid ^ncrete to water. 
The great soo-ton horizontal testing machine shown m Pig. 4 bebnga to andthcr 
section, that of metallic materials, but it is also used for bending and crushing 
tests on reinforced concrete columns and similar purposes. Such objects as 

^ 5 ^ 



Ftg. 5. 3.000-T Machine built for the German Iron and Bridge Building InstituUon by Hamel & Lueg. Dhsseldorf 
Gross Lichterfelde Testing Station, Berlin 
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reinforced concrete pipes are also tested by means of machines belonging 
properly to the metal section. Our photograph, Fig, 6, shows the tower in 
which falling weight experiments are carried out. The department - is also 
amply provided with equipment for chemical analyses, for the making and 
storage of cement and concrete test-pieces, and for special tests of the resistance 
of materials to weather, frost, chemical fumes, etc. To another subject — the 
fireproof qualities of materials — further reference is made below. Fig, 5 shows 
the great 3,000-ton machine which has been recently installed. Tliis enormous 
press — by far the largest in Europe — has been erected at the request of the 
Union of German Bridge and Structural Steel Firms by Messrs. Haniel & Lueg, 
of Diisseldorf. It can take entire girders, struts, columns, and built-up bridge 
sections, in compression or tension. 

The extent of the work of the building materials section may be judged by 
the following facts taken from the report for 1911-12. The total number of 
applications was 1,023, involving 39,000 experiments, of which about one-half 
dealt with, cements of different kinds. 

Cement , — The tests w'ith Portland cement and blast-furnace slag cement 
(“ Iron-Portland *,*) showed a steady improvement in quality since the raising 
of the German official standard. One cement showed, in a i : 3 normal mortar, 
after seven days under water, a tensile strength of 35*1 kg. /cm.® (499 lb. /in.®) 
and a compressive strength of 460 kg. /cm.® (6,541 lb. /in.®). The same mortar, 
after 28 days in water and air, gave a tensile strength of 48*7 kg. /cm.® 
(692 lb. /in.®) and a compressive strength of 692 kg. /cm.® (9,840 lb. /in.®), the 
highest value yet recorded in this laboratory. 

The opinion was given, in answer to a special demand, that the spontaneous 
change of a slow-setting to a quick-setting cement was not to be regarded as an 
indication of inferior quality, as such sptmtaneous changes take place with 
changes of temperature even in good cements. Petroleum and other oils were 
found to weaken cement mortars very considerably when the latter were 
exposed to their action after 28 days hardening in air. The injurious influence 
is greatest in lean mixtures. Experiments were also made to test the question 
whether reinforced concrete could be safely employed for shafts and buildings 
exposed to the action of waters (potash salt liquors) containing magnesium 
chloride. It was found that such salts always attack cement. The addition of 
a “ frost-protecting ” substance to concrete during mixing has been recom- 
mended, and tests with such a concrete showed that if exposed to air for one 
day and then alternately frozen and thawed twenty-five times, no external 
change was produced, but that the resistance of reinforcing rods to slipping 
was seriously reduced by the addition of the protective material. 

A frequent request is to determine the proportions , .originally in 

mixing a concrete, from an examination of the hardeti^ , material;/ Thi^ is, 
except in the simplest cases, an operation of considerablte difficulty. It is pos- 
sible to determine the proportion of cement, if used 

to decide whether aft addition of either fat or. hydraulic mndeVto the 

cement, fcut it was not found possible to decide tvbether a 

certain breeze', concrete .was <.s'atisfactory , or "not. Ttere; 
for improvemeiit in this class of lestingj which is so 

The concrete pipes used for the conveyance of winter itt a certain district 
showed corrosion after one year in the soil, atr/ounting to destruction of one- 

. #61 
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third of the pipes over a length of 300 metres. In this case it was not found 
jpk>ssible to determine the cause of the corrosion. The soil did not contain 
acids or other destructive substances. ' The material of the pipes did not appear 
to have been well mixed, but a definite conclusion was not reached. 

A number of scientific investigations were also proceeded with, the results 
of which have been published or are in course of publication. 

Fire Tests , — The tests as to the fire-resisting qualities of materials during 
the year were not very extensive, being limited to some “ fireproof doors, a hut 
of slag-stone, a comparison of a brickwork wall with one of sand-lime bricks, and 
one of an ordinary lime fl<x>r with a plaster floor. The provision for this branch of 
testing is inadequate, and compares unfavourably with the arrangements of the 
British Fire Prevention Committee. It is stated that it is proposed to extend 
this branch of the activities of the institution after an examination of the 
methods adopted by kindred institutions in Ix)ndon, New York, Chicago. 

Conclusion , — The services which a fully-equipped testing station of this kind 
are capable of rendering to industry are obvious. The publications of«the Gross- 
Lichterfelde Station form a most valuable source of reference for all who are 
interested in such a department of industry as that of concrete construction, apart 
from the direct utilisation of the services of the station by German manufacturers, 
engineers, and building clients. We must not forget, also, the advances in 
methods of testing which we owe to Profs. Martens, Gary and their colleagues. 
Some of their methods have not been adopted in this country, and differences 
of opinion exist as to their value in comparison with methods due to other 
workers, but their share in developing the technique of testing is recognised 
and gratefully acknowledged by all who have followed the progress of 
Uructural materials in recent years. 
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c intention to publish the Papers and Discussions presented before Technical 

Societies on matters relating to Concrete and Reinforced Cdhcreie in a concise form, and 
in su^ a manner as to be easily a*uailable for reference purposes. 

The method •n^are adopting, of diiHding the subjects into sections, is, vie believe, a 
nev) departure,— ED, 


THE CONCRETE INSTITUTE. 

THE SETTLEMENT OF SOLIDS IN WATER AND ITS 
BEARING ON CONCRETE WORK. 


By DR. J. S. OWENS, A.K)c.M.Iii.t.C.E.. M.R.San.I., F.G.S. 

The following is an extract from the Paper read before the Institute at their Thirty-first 
Ordinary General Meeting. A short resiimd of the discussion is also given. 


INTRODUCTION. 

The Lecturer, in opening, stated that it would only be possible to give a brief outline 
of the subject und< 3 r review, and referred his audience to papers read by him before the 
Koyal Geographical Society, Research Department (see Geographical Journals, Janu- 
ary, 1911, and March, 1912); before the British Association in Dundee last September 
(see Engineering, December 20th last) ; and a paper before the Society of Engineers of 
March ist, 1909. 

He proposed to deal with some of the physical characteristics of stones or shingle, 
sand and mud, which lead to their separation into these distinct classes by nature. 
Practically all the sorting is done by the agency of flowing water, and the chief factor 
governing the position of any deposit is the ability, or otherwise, of the water to hold 
the material in suspension. Very finely divided matter remains long suspended, and 
therefore, if in a current, passes over the place where coarser matter is being deposited, 
and settles in less disturbed water. 

With the exception to be referred to later, a heavy solid can only be supported in 
suspension in water by an upward thrust equal in intensity to that which would result 
from a current of water of the same velocity as the body would settle at in still water. 
This means : (a) it is to the resultant upward thrust due to eddies and disturbances 
that suspension in water is due ; and : (b) a measure of the rate of fall of a body through 
water will be us'eful as measuring its resistance to suspension. 

A solid body which is of higher specific gravity than water will sink in the latter 
at a definite rate. Starting from rest, it will have two distinct stages in its fall :— 

1. An accelerating stage during which the force operating on the body to pull it down is 
greater than the retarding force due to friction and the impact of the water particles 
on the under surface of the body, 

2. A stage of uniform motion which is attained when there is an equilibrium between the 

downward and upward acting forew. ' . ‘ 

In practical work»the first or accelerating .stage is so .very short as to n^^ligible* 
except for very large bodies. . , , 

The chief factors governing the rate at which' a body will settk through .Water m ; 
(i) its size, (2) shape, (3) specific gravity, (4) the temperature.of the water, bt'am^me 
affecting the viscosity of the liquid, (5) the quarttity of suspended mfOtt^^r 
water. 
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If V represents velocity of fall in foot seconds, d diameter of body in feet, 6 specific 
gravity of body, and fe a constant depending on the shape of the body (equal to about 
9*35 for spheres, 6*12 for irregular grains of sand, according to the author’s latest 
experiments), the velocity of fall in water for bodies over of an inch in diameter 
will be given with fair accuracy by the expression : — 


v = k^d{s-i\ 

It will thus be seen that the rate of fall varies directly as the square root of the 
diameter. 


SHAPE OF BODY. 


The author found that a curious law governs the position a body of irregular shape 
takes up in falling through water. It is the custom to apply the law of “ least 
resistance ” to explain many phenomena in nature. If applied in the present case, it 
would seem to indicate that a body such as a disc will settle through water edgewise, 
a rod endwise, and so on ; (but the conitrary is the case : a disc always settles on the 
flat, a rod uilh its greatest length horizontal. For this reason a sphere settles more 
rapidly than any other shape, and flat, thin bodies, such as slates, settle very slowlv 
indeed. ^ 

SPECIFIC GRAVITY. 


Referring to the formula given above,* it ^ill be seen that the velocity of settle- 
ment vaiies directly as the square rtx)t of the specific gravity of the body minus that of 
the liquid in which it settles. In the case of two balls the rates of fall of which wore 
measured by the author, one was a compc^sition ball having a specific gravity of I’lq, 
a diameter of ‘415 in., and a rate settlement of 794 f.s. ; the other a steel ball, 
specific gravity of 777, diameter *498 in , and a rate of fall of 4* 96 f.s. If these two 


be compared, the velocities of fall should var} nearly as V s — i, the diameters being 


approximately equal, that is 
this is practically the case. 


0794 \/o’iq 

should be equal to 7=“ and it will be lound that 
4 90 V 6*77 


WATER TEMPERATURE. 


This has a profound effect on the rate of fall of fine matter in water, due, no 
doubt, to its influcmcc on viscosity. A rise in temperature of the water produces an 
increased rapidity of settlement which is most marked with the more finely divided 
materials. The rate < f settlement of silicious s<ind of TiPcrir in diameter is doubled if 
the temperature be* raised 80® F, 


AMOUNT OF SUSPENDED MATTER PRESENT. 

It can be shown experimentally that the grc‘ater the load of suspended matter, the 
slower its rate of settlement. Finely divided solid matter held in susjien&ion in water 
has practically the same effect on the specific gravity of the mixture, measured by a 
floating hydrometer, as if it were in solution. ^ In order to bring out this point, he had 
made the following experiment : Weighed quantities of whiting were mixed with 
similar volumeiS of water, and the specific gravity taken with a hydrometer. It was 
also calculated, assuming that the whiting had gone into solution instead of being 
suspended, and the figures obtained in each case compared. The results showed that 
the effect on the specific gravity of the mixture was the same whether the added matter 
went into solution or suspension. 

It is reasonable under the circumstances to suspect that the amount of heavy 
matter suspended in a liquid will influence its rate of settlement in the same way as 
an alteration in the specific gravity of the liquid itself ; and this is found to be the case. 

PRAOtYCM amplication OF RESULT^. • 

It may finsg be coniktered how to dedq^ the meaning of the words ** stone ” or 
And t* mud.’^ It is obvious that any definition to be of use must 
baaed direetly or indirectly upon siee ol grain. 
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, There appear to be two distinct sizes of particle to which further attention must be 
pv^. u will be observed that the application of the formula given above is stated to 
i^e limited to sizes over -jV in. diameter. The reason for this is as follows : In experi- 
menting on the rate of settlement of different grades of material, it was found that 
the value of k in the formula referred to was fairly constant over iV in. diameter ; but 
for grains of smaller size it fell off rapidly in value, thus showing that some factor was 
operating in the smaller grades which was not taken into a<x;ounit in the expression 
given, that this factor was the viscosity of the liquid he had no doubt, and its 
prejwnderating effect in the smaller grades may be duo to the rapid increase in the 
ratio of surface to volume or weight, as the size is reduced, or to the passing of a 
critical point in the velocity such as that shown by Osborn Reynolds to divide stream- 
line flow from eddying- flow. 

While it is not strictly correct to speak of a critical diameter at which this effect 
cc/mmences to appear, it >vas found on plotting vailues of the constant k referred to 
that at about in. diameter the curve bent rapidly downwards, whereas above this 
I.' was practically horizontal. 

There is possibly a second critical size of particle which is of interest if not of 
great practical importance. 

The chief retarding forces operating to prevent settlememt of a body in water may 
be regarded as : — 

1. The tipward impact of the water due to the velocity of fall of the body. 

2. Friction, the force necessary to overcome the viscosity of the liquid. 

When there is no velocity of fall (i) disapi>ears, but some of (2) probably remains* 
As w(? reduce the size of the bixly the downward acting force, due to its weight, becomes 
smaller more rapidly than the frictional resistance, since the former varies as the cube, 
the latter as the square of the diameter. Hence it would » 6 em that when the diameter 
is reduced to a centain critical value, the force operating to pull the body down will 
become equal to the frictional resistance to movement, and permanent suspension in 
the liquid result. As, however, there is probably no such thing on the earth as 
absolutely quiescent water, permanent suspension will result k>ng before this critical 
size is reached, owing to movements in the water due to temperature changes or tvther 
causes. The blue colour of the sea has been attributed to the presence of fine suspend<*d 
matter. 

Again, mud particles sometimes approach in size the limits of micro.scopic vision ; 
so that we have clearly a considerable range of size to choose from in defining mud as 
distinct from sand. If we decided to take all below the critical diameter referred to 
as being mud, we have to tx>nsider how it is that pa(rticles of such a size as to be 
permanently suspended in water ever reach the bottom to form mud. 

A sample of yellow marl examined by the author for the purpose of this paper 
contained particles down to about of an in. in diameter, and the finest of these 

settled through water, although at a very slow rate ; for example, a glass vessel con- 
taining a column of about 12 in. of water in which a little of this clay was shaken up 
had not cleared after forty-<^ight hours in a temt>erature of 50° F., and after sixteen 
hours (the water was still quite cloudy with grains about ^oinrs in. diameter. It is 
(.bvious, therefore, that the critical diameter for this was under iixtAitt? inch. 


CONCRETE WORK UNDER WATER. 


When concrete is allowed to settle through water, the effect is to bring about an 
analysis into coarse and fine strata. The larger parti cles~-stones, gravel, etc.—settle 
more rapidly than the finer sand and cement; with the result that they reach the 
bottom first and form a layer over which the sand and cement settle,^ also in separate 
strata— the cement on top, the sand underneath it. The separation is not quite 
complete, because the large particles always carry down in* their wake some of the 
smaller, and for other reasons which if is hot necessary to refer to here. Even when 
allowed to fall through only a foot or so of water, the fine cement is washed out and^ 
to a great ext-§nt, rem?ains suspended,. owing to the disturbance of the water. 


EXCESS OF WA*fER IN CONCRETE. 

When fine and coarse particles are su^ridfcd tn a liquid the coarse, by vkthe of 
their greater weight compared with their surface,* tend to work towards the bottom^ 
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displacing Uie line matter upwards; for it must be remembered that a body fallihg 
through a liquid always generates an upward current to fill the space which it occupied, 
and this is sufficient to keep very fine particles suspended. The case of immediate 
interest is that of concrete mixed with too much water; when kept in a state of 
disturbance by ramming there is a tendency for the coarse part of the aggregate to 
work towards the bottom, the finer sand and cement towards the top giving a deceptive 
appearance to the concrete of having been thoroughly consolidated. 

CONCRETE MIXING * 

It is not uncommon to meet with a so-called concrete mixer which, when closely 
watched, is found in some cases to separate the fine from the coarse parts of the aggre- 
gate. It is easy to see from the earlier remarks made that with sufficient!} liquid 
concrete a badly designed mixer may produce sufficient agitation to suspend the sand 
and cement, but not the coarser part of the aggregate, which consequently gradually 
separates out as a bottom layer. Of the two chief types of mixer now in use, ime 
depends on revolving arms operating in a fixed vessel, aind this is the type most likely 
to be aflfoeted by the cause describe, unless very carefully designed with proper pro- 
vision for a potitivo mingling of the different parts of the concrete as distinct from 
mere agitation. The other type, in which mixing is effected in a revolving vessel 
fitted with shelves, is more likel} to produce good concrete, as its action depends on 
repeated shifting of parts of the mass from one place to anothei — for exafnplc, from 
hi ttom to top and sides to middle. 

TEST OF CONCRETE MIXING. 

The author was strongly of opinion that sufficient attention h.is not been given 
to the proper mixing of concrete. It is a process which has a perfiitly clcfiniU point 
of completion, which is, however, not always attained to. Concrete may he satd to 
be thoroughly mixed when all the ingredients are as uniformly distributed as possible 
throughout the mass. If this is accepted as a definition of proper mixing, then samples 
taken from different parts of a heap of concrete should contain the same proportion of 
stone, fand, and cement. The different rates of settlement of these three afford the 
engineer a simple method of measuring the relative proportions in any part of a heap 
of concrete. If, for instamce, a small quantit} of concrete be placed in a tall glass 
vessel full of water, shaken up, and allowed to seittlc, three distinct layers of sediment 
are formed. The stones or gravel settle immediately, then follows the sand, and after 
a much longer period — about ten minutes in a vessel twelve inches high- the cement 
forms another well-defined layer. The depth of these layers varies as the amount of 
the respective materials present; hence, a simple measurement of the depths in two 
samples enables us to compare the relative quantities of the different ingredients at 
any two parts of the heap. 

In practice the application of this tost may be simplified thus ; Excluding the case* 
of concrete, which is semi-liquid, and in which the coarse matter may therefore have 
separated from the fine, it may safely.be assum-cxl that if the sand and cement be 
properly mixed the coarser parts will be also mixed; since the time required to mix 
uniformly increases ?s the grain becomes finer. 

INSPECTION AS TEST OF MIXING. 

Two special tests have been made, to which atitenition should be drawn The first 
wav directed towards determining what was the true value of inspection alone as a 
test of concrete mixing. For this purpose a sample of mortar of the proportions 
cement i, sand 2, was made; beside this was placed another having cement i, sand 2^, 
but no difference could be detected by eye. The result was the same with cement i, 
sand 3, and it was only with cement i, sand 34, that any difference in appearance could 
with oertainty be deljected. On applying the sedimentation test to these samples the 
difference ia strenftth between i in a and i in 24 was easily observed. It is therefore 
tjulte clear that inepectioa alone— -the test which is ordinarily applied— is not sufficient 
to deternnine whether concrete is properly mixed or not. • , 

MAND-MIXING. 

The ttst Wa« qne of hand-mixed concrete, turned twice dry, twice wet, on 

e Works of a fepptable contractor. 

sd6 


.4 
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I Seven tests were made of difTeient batches, and uniformity found in one only. 
J hf following figures show the percentage variation in the amount of cement in different 
parts of each batch : — 


Batch No. 1 ... 




Per Cent. 
4 

,, No. 2 ... 




7 

„ No. 3 ... 




... 15 

„ No. 4 ... 




... 0 

.. ¥0. 5 ... 




... 24 

„ ^’0. 6 ... 




... 15 

„ No. i ... 




... 17 


All batches, except No. 5, were mixed in the author’s presence, or that of the 
foreman or engineer. No. 5 was mixed by the men alone, without sui^vision. It 
would therefore seem that when concrete is mixed by hand it may not be of uniform 
strength, and that to bring the weakest parts up to the strength required an excess of 
concrete must be used equal to at least 10 per cent, more than if uniformity of mixing 
could be assured. Turning twice dry and twice wot is not considered sufficient by 
most engineers to give a proper mix. On the other hand, as in the case referred 
to, this amount of mixing was permitted, relying upon the handling which the 
concrete subsequently received while filling into skips and placing in tlie work 
to completefcthe mixing. There is, however, a fallacy hidden here, because concrete 
is mixed in fairly large batches, whereas k is deposited very often in barrowj 
loads; this results in good mixing of eaeh barrow-load, but not in any oertiiinty 
that the proportions in all the barrows wall be the same, since the concrete may be 
taken from differen't parts of an improperly mixed heap. It is hardly necessary to say 
that on even a small work using, say, one thousand tons of cement, a saving of 10 per 
cent, of this would be well worth making. By the use of a proper mixing machine, 
effectively used, this saving can be made. It is not impossible to get uniformity by 
hand-mixing, but the amount of supervision required makes it practically impossible. 

Mixing machines vary greatly in their ability to mix, and also require supervision 
in Ibeir working as well as hand-mixing. 

The author showed an indicator, which was designed by him for use with 
batch concrete mixers, and is intended to indicate to* the attendant when the mixing 
operation is complete. Tt consists of a modified revolution counter, in which a worm 
and worm w^hecl operate an index which shows on a dial rev^olutions of mixing drum 
01 paddles. The cycle of operations is as follows : — 

1. On opening the charging gate of a machine to admit a batch, the index drops to zero. 

2. When the batch is in the machine, the closing of the charging gate causes the index to 
commence revolving round the dial. 

3. When the index has reached a predetermined point (at which for convenience a movable 
pointer may be clamped) the batch may be discharged. 

4. An independent counter registers the number of batches mixed. 


The Preeldent, before the opening of the discussion, read two letters from members who 
were unable to attend. 

Extract from letter from Ur. Alban //. Scott, M,S.A,, Member of Council C./. 

“ The paper contains a great deal of useful information, much of which confirms a test 
which I have previously carried out on similar lines. 

“ Regarding the author’s definition of the words ‘ stone ’ or ‘ shingle,’ ‘ sand ’ and * mud,* 
in the first place such terms may be applicable and useful from a geological point of view, 
but when the subject is being considered under the heading of ‘ Practical Application,* such 
terms may be most misleading, as in the actual work these terms are bound to be used by all 
classes from navvies up to consultants, and* the three definite words, ‘ stone,’ ‘shingle ’ and 
‘ mud ’ are open to very great misunderstandings between the various grade* of men employed 

on the work. • , . , « . . , , ^ 

“The authdr defines that ‘grains over i-ioth in. dia.* should rank as ‘shingle,’ whiw 
grains finer than this would rank as * sand.’ In the R.I.B.A. Report on Reinforced Concrete* 
* sand ’ is defined to a certain extent, and it is taken up to a material which will pass ' 
of an in. mesh. 
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“In Messrs. Scott and Fraser’s Specification on ‘Reinforced Concrete’ work, publisljed 
in ign, sand is defined as ‘all materials that will pass i-in. mesh and are retained on 
z- 5 oth in. by i-50th in. mesh,* this latter definition beinif adopted by the Concrete Institute in 

their Report on Testing. * i • j 

“ ‘ Shingle ’ is not a nice term to use for practical work, the two terms generally used 
being aggregate and coarse material. The term * shingle * is very loose. 

“ The author suggests that ‘ mud ’ should be taken as all material which is less than that 
giving the critical diameter. The use of the term ‘ mud ’ for excrete material opens the door 
to a very grave misuse. in practical work. It has been stated in past that a little clayey 
matter rather increases than ctherwi'se the strength of concrete. Tl^ statement, however, must 
have been made upon imperfect data, as it entirely depends *upon T^ether the clayey matter 
has any cementing properties, and most of the materials of this description found, at least 
in this country, have no cementing properties. 

“ Clay, where it forms a coating on the aggregate or is a free agent, is most detrimental 
to the quality of concrete. With regard to the excess of water in concrete, this matter has 
been very thoroughly investigated, and in the Concrete Institute’s Tests Report it will* be 
found that the results are dealt with as to dry concrete, and further in a paper given by the 
writer before the Society of Architects last year. 

“ Regarding the mixing of concrete, this is done at the present time in the most haphazard 
way, and the perfect mixing machine has yet to be arrived at.** 

Extract from letter from Mr. Frank /. Gray, Assoc. M./nsi.C.E. 

“ The separation in a test-glass of water of a sample of newly-mixed concrete into 
measurable layers of sand and cement and a ^measurable residue of ballast, is a test which 
can be used on works with confidence, and — what is most important — quickly enough to correct 
any variation from specification as the mixing proceeds. 

“ The conclusions which the author arrives at from his experiments are very helpful in 
understanding the weakening of free concrete placed under-water, and the detrimental effect 
of using an excess of water in mixing concrete. The differentiation between mud and sand by 
their rates of settlement referred to a datum line, is a good one. 

“ I would like to ask the author whether he agrees that if particles of mud and sand be 
allowed to enter a tube of water at rates inversely proportional to their rates of settlement in 
water, such particles of sand and water would reach the bottom of the tube at the same time 
and form a mixture? *’ 

DISCUSSION. 

Profy^Bor Hwy AdMtB, MJaBtC.B., M.LMBch.B., M.S.A. (Vice-President Concrete 
Institute, etc.) ; Speaking of the position of concrete in water, the author said that the water 
separated the materials. It seemed as if they separated entirely, but he imagined that the 
concrete would go down to a great extent as a single mass. When it is put into water in bulk 
it would retain, perhaps not its cohesion, but its iiosition, much more than the author seems 
to imagine. 

He did not think water could percolate suiEciently to separate the mass into different sized 
particles, and deposit it in distinct layers. The depositing of concrete through water was at 
one time very constantly done by civil engineers in the construction, of harbours and break- 
waters. 


The test given in the paper is a very simple and useful one to the engineer in charge of 
reinforced concrete work. In a very few .minutes he can tell very closely what proportions are 
being actually adopted. It might also be applied to lime and sand in builders* mortar. That is 
always the diDfic^ilty, and many law cases have been brought as to the quality of mortar in 
^ buildio^. l^i^ test might p<»sibly apply -to that. The indicator for . machine mixing seems 
also ib be vwy good. It seems absolutely necessary tq get cheap mixing of the mater ials|, and 
4 #ew triala to indicate, the n^qraber of turns would give great facility to the proper execution 

in referring to Professor Adams’s remarks as to 
course what the author had written did not apply to 
is .gtmerail^ undersiwd by mgineers,' and. he imagined that 

of putting concrete under water 
:a ruie* when puttiafg concrete under water, it 

down'ou to, the .bottom^ fore Jl is opened, and 
. through' j-witer, 'at all.', Tho doors are opened and ,the 

'Putting down a good many thousand yards In 
and, then o^eh automatically, and the, material 
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seAl«s down as a big mass. There is washing of the top surface due to wave action, but there 
is very little washing due to the water coming through the concrete. 

With regard to the discs falling in the water^ it rather occurred to him that the reason they 
took up the position they did is simply a balance between force of gravity and the resistance 
of the water to the falling of the things ; that is to say, if you could ensure the disc, or what- 
ever it was, being kept in the upright position, it would drop at a very much greater speed, but 
slight irregularities on the bottom tend to start a delaying action. 

Mr, B, Fiaader BtchalU, P,Phya,Soc., M Math. A., AMJ Mecb.B* (Member of Council 
C.I.) : The paper will bepAticularly useful in cases of dispute as to whether concrete is clean 
or whether sand is cleaav and.lflso to settle that much debated question as to what thorough 
mixing is. 

It will also tend generally to obtain better mixing of concrete. The general practice now 
is^to lay down concrete very gently, and to be very careful not to ram it so as to force all the 
lower contents to the top, and we recognise even balance mixing machines, but really sorting 
machines, where the concrete is sorted out of the different layers. 

With regard to the question of the size of sand, some mention has been made of the 
R.I.B.A. ReiK>rt, but it should be recognised that the size of the mesh of a sieve is not neces- 
sarily intended to represent exactly the size of the largest grains. The question has been 
raised in more places than one as to fixing a smaller size as the upper limit for sand, but those 
who have had large experience of the actual work are well aware of the fact that, if sand 
is to flow readily through a sievef, it is no good having the sieve just the exact size of the 
largest sand this is to pass, but there must be plenty of margin for rapid and economical 
working. • 

Regarding the author’s statement “ that the velocity of settlement varies directly as the 
square root of the specific gravity of the body minus the specific gravity of the liquid in which 
it settles,” that is true, but it is ambiguous; and the ambiguity is not the fault of the author, 
but the fault of the English language, and it occurs wherever we try to put a mathematical 
expression into words. P'or example : 

\/{S-L) t s 

s is the specific gravity of the solid body ; I is the specific gravity of the liquid. This is 
the square root and the specific gravity of the body, minus that of the liquid in which it 
settles. (Illustrating.) This also is the square root of the specific gravity of the solid, minus 
that of the liquid in which it settles. The fault is we are short in the English language of 
something to indicate these values, and he did mot know whether it might not be advisable for 
the author to put the expression in brackets behind the written words, since the written words 
used are not clear. 

He also would like to join the previous speaker in asking how the size of the particles was 
ascertained. i-2o,oooth part of a square inch is very small, and it would be interesting to 
know by what means it was ascertainable. 

Mr. J. B. tiobba: With regard to depositing concrete under water, he entirely agreed 
with the suggestions put forward by Mr. C'olson, that especially when depositing in big 
lumps, that is two or three cubic yards, the bulk of the mass deposited at one time is not in 
any way influenced by the water, especially if the skip or the box lowering the concrete is 
carefully manipulated. 

With reference to the author’s remarks as to excess of water in concrete, there is also the 
lack of water in concrete to be considered, especially nowadays when machine mixing is used. 
When mixing concrete, especially In a machine, it is just as detrimental to the concrete to be too 
dry as it is to be too wet. 

This leads up to the possibility of adopting a standard of saturation of concrete. Given a 
certain definite class of aggregate, it appears there should be a definite amount of water to 
be added when mixing a batch, whether when mixing by band or in a machine^ and he did not 
think any attempts had ever been made to standardise the amount of water put into the concrete, 
and suggested it might be worth while finding, some point of saturation giving concise of tutfh 
a ooQsistendy that the tendency to disintegrate when being placed in a tank is, to a large extent 
eliminated* With reference to concrete mixi^, especially in machii^s, this is an , enti^eljlr 
different propo$i4ion to mixing by hand. In mixing by hand, the practice has been ih the pask; 
to turn over so many times dry and then so many times wet ; but in maebine mixing fibere ate 
engineers at the present time who specify or try to enforce mixing .in a machme, fii^t dry gn^ 
then wet. It is an absolute fallacy. 



imTiTUTE. 




f itfk Jl. /• said he had had considerable experience in sand washing^ having . 

Waahied loinetfaing like 1,000,000 tons. He noticed that what, the author stated on this point 

was very accurate. • 

As to the qu^tion of tlie size of sand, mentioned in one of the letters, he made his 
definition of sand about a Arin* wund hole washed through; but it must be understood that 
washinjg; sapd through a sieve is a totally different thing from drifting it, and he had always 
found a -Ath round hole is practically the same as a ith square mesh, because a square mesh 
ha^ a longer angle at the conners, so that sand washed through a 4th square hole and sand 
washed through a -y^rth round hole is practically the same, but it be the same as sand 

sifted through in the ordinary course on a job. When siftifi<^ the moisture it contains 

must be taken into consideration. If it were very dry, it would sift very much more easily. 
The statement that sand should not be considered sand if it went through a 50 mesh was a great 
mistake. This also applied to concrete, because it means throwing away the most important 
part of the aggregate, and for this reason : if it is wanted to defeat percolation in cement thjjt 
is finer sand, and finer sand to go down to a sieve of 100 mesh eacluway ; 100 meshes to the inch 
would be most useful to stop percolation with cement. He had tried this and knew it Was - 
correct, and therefore the Concrete Institute’s definition ol sand as below 50 should be 
reconsidered. 

Protestor Rotert H. Smith, AMMOc.MJttMt.C B,, etc., said he rather demurred with Mr. 
Alban Scoit to the author’s use of the word “ mud.” It seems that on this subject it is very 
desirable, and perhaps necessary, to make careful distinction between those substances which 
contain any pro;x)Ttion of material that will actually go into solution in water and those that 
will not — that can only be held in water by cuspension ; and what is ordinarily called mud 
usually contains a considerable quantity of matter that may go into solution in water. The 
phrase mud ” may be very useful in this connection but it ought to be defined perhaps as 
material containing matter that will go into solution in water, and cither “flour” or “dust” 
used for the stuff that Dr. Owens has called mud. 


Mr* M, ATofl RIdItiy, Aaa^MJttMt.C*B* : With reference to the amount of Water in 
concrete, he believed in a medium amount of water, but considered an excess of water, unless 
it is too great, is better than having really too dry a concrete, and that there should be no 
ramming, or oacxt door to no ramming, of the concrete ; ramming is a very bad thing. 

As to mixing the concrete twice dry, twice wet, in all his ordinary work he carried out 
this very specification, and with the happiest results, so that for ordinary work that specification 
need not be departed from. 

In depositing concrete in water, he did not think there should be so much fear of the 
separation of the particles in depositing under water. Pie had recently put down in 
12 fL to 14 ft. of water a considerable amount of concrete. No skips were used, but shoots with 
open ends. The shoots were placed on the ground and then the concrete was put in, and when 
properly filled up the shoot was raised and moved about to the different parts, and the concrete 
was being shovelled into the shoot the whole time; and that made splendid concrete. Of 
course, that concrete was mixed a little bit stronger than in ordinary coses, but the results were 
absolutely satisfactory. 

Mr. Hanir PupMt, MSo(D.B., M.C.L: The author has dealt with a very important matter 
in treating of the mixing of concrete, because the most careful calculation, the most skilled 
design and the best workmanship may all be nullified by the use of improperly mixed concrete. 

With regard to mixing machines, it is almost impossible to get a properly machine-mixed 
concrete with any mixer in which the two operations of charging and discharging the machine 

ht carried out simultaneously. The only safety is the employment of a type of mixer 
, whicjk is rendered compulsorily intermittent by the application of some definite mechanical 
for the discharging of the concrete. 

1 r. A. Wnfm* With regard to the idea that there is a certain definite 

; which should be added to the aggregate, this, is not the case; there is a 
proportion^ ^t it not a dofirrite proportion, and there is a oertam amount 
‘ ‘ .inwi^ ho aj^ed* or should, fee alk^d* to contractors by eadneors in that 

in oae way, the weather controls it 
“a aiMl ]»6 dofinite hard-£a4-fast rule 

that has to tie put with cohefete Shat Is 

dw tj^ntity of water in the 4iiSPthy of 
question should have te^^rd 
lU po two /places would have an accurate 




BMaHBggMj SETTLEMENT OF SOUDS, ^fO., ON CONCRETE, 


me^urement, and th« quantity of water necessary to mix a certain quantity of ooncrC^? with a 
^ certain amount of aggregate would depend very largely upon the amount of the individual 
atoms composing the aggregate itself. 

n 

DR. OWENS'S REPLY. 

With reference to the thickness of the cement layer, he had not had time to describe 
in' detail the steps by which he arrived at that, but he found that when the cement settles 
through the water at a certain depth down below the surface it acquires what is called a 
surface of separation — it defines a surface quite clearly. Then, that goes on settling for another 
period, until a time is reached — about lo minutes — when it ceases to contract, and it does not get 
any thinner than that ; and there appears to be a certain amount of water which it will not 
lose — that is between the interstices — and that is the time to measure, and it is easy to tell by 
watching it when it ceases to contract. 

A good deal of discussion has centred around the definition of sand and shingle. The 
question is, i>erhai>s, somewhat misunderstood : Is there a difference between sand and 
shingle, or are we asked to give an arbitrary definition between two things? There is a 
natural line drawn by nature between particles above a. certain size and below, and we ought 
to consider the things below that as sand, above as shingle. 

The elimination of all particles below what passes through a 50 mesh had also been referred 
to, and he was very strongly of the opinion that that is a mistake. There is no reason whatever 
for eliminating (those particles. As a matter of fact, the very finest particles, even down to 
z-i,oooth of an in. will act just as well as the coarser particles, -hnd somewhat better, from some 
points of view, in making concrete. ^ 

One very important point referred to is the question of the imrosity of concrete. It is a 
well-known fact that particles of uniform size, when placed m a vessel, contain the maximum 
amount of air space or voids. If it is wished to reduce the amount of void, it can be done by 
introducing smaller particles which will fit between the larger ones, and this can be done to 
infinity until it is solid. The removal of those little particles which pass the 50 by 50 mesh 
is leaving vacancies which must be filled by cement or left empty. If they are left emptj% 
porous concrete is the result. 

There has been some misunderstanding with reference to the deposit of concrete under 
water. Professor Adams, Mr. Colson, and several other gentlemen have referred to it. 
What it was intended to convey was that small pieoes of concrete must not be dropped 
and allowed to settle through any depth of water, such as throwing concrete into a trench with 
a shovel. Of course, it is i>erfectly sound practice to put cosiicrete through water in a big 
skip which can be opened when, it has reached the bottom or through a shoot if the water 
is sufficiently shallow ; there is another method adopted in trench work : that is to put the 
concrete in above the surface, /then put fresh concrete on the part above the surface, and it will 
push the other along so- that it will not fall through the water. 

As to Mr. EtchelPs remarks on the gauging of sand by a sieve. There is rather a curious 
I)oint; it is surely i>eTfectly well-known. The particles of sand which fall through a sieve verjTj 
often fall end-wise, that is measuring the minimum diameter; in fact, *if the particles which 
have passed through a sieve arc put on the stage of a microscope and their diameter measure.*” 
it will be found that it is maximum diameter which is being taken. 

Mr. Ridley referred to the lack of water being as bad as having too much. As the 
Chairman has very wisely said, there must be neither too much, nor too little; there is a 
proper mean. If there is too little the concrete gets sticky, and you cannot mix it; while if 
more is used porous concrete results. 

It ought also to be made quite clear that it is utterly impossible to fix the amount of water 
to be added to concrete, because there are several things which govern this point. The amount 
of water which concrete should contain can be fixed, but that is quite a different thing. The 
amount which is to be added depends upon the amount which is already present in the 
aggregate and also in the porosity of. the aggregate, also upon the shape of the particles, and 
upon various other things, but it is impossible to . tel rw^ai. that should be except by judging 
from the appearance of the concrete after it is made.^ ^ 

Professor Smith referred to the difference be^tiye^ mud and XDf course, the yrord 

mud leqti^ to be accurately defined, to ba3e my sikpcfokid updo differmes between mud end 
clay or *ittk^^and sand, but in the ^fdinary meaning, M the word lit ddte net eeem neeeilsary 
that one consider that mud Is somethmlp wiilbh 4s matter, go into , 

Thd author concluded by answering some oth<^ isejfcaAs of 

of over^ mixing, and the meeting t?wn coodlided.': ' ''^''7 '7 '-..V'' /.v. 
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• steel frame buildings in LONDON. 


^ ^ By S. BYLAMDER, Chairman, Junior Institution of Engineers, M C.I. 

Hhe following is a ihort tdsumd of Mr, Bylander *s Paper read before the Institute on 
February i^th, 19 13, as far as it deals with his views as to steeUframe buildings 
generally. As the three buildings particularly described in this Paper — vis. : The Ritz 
Hotel, Selfridge's Stores, and tfec Royal Automobile Club — have been fully described 
ana illustrated in former issues of our journal,* that portion of Mr: Bylander's Paper 
is not reported here. 

In opening,- the author remarked that he believed this was the first paper on the 
subject of steelwork construction which has been presented, and he was glad to 
see that the Concrete Institute had decided to invite papers and discussio.ns on subjects 
within a broader range — namely, upon structural engineering generally — instead of 
confining them to the particular aspects of concrete and reinforced concrete only. 

In this paper it is not proposed to give a comparison, of advantages and disadvan- 
tages of steel buildings and reinforced concrete buildings, but to put forward a few 
factors which are of importanice to the designer. The reiiniforoed concrete engineer and 
the structural steel engineer have many interests in common, and their co-operation 
's an advantage. The advancement ol knowledge of the use of different materials 
IS essentially necessary before any ijrogrcss can be made. , 

The question of whet her reinforced concrete, steel, or other material shall be used 
in a particular building must be left to -the decision of the. architect, engineer, or 
estimator, w’ho has made a careful study of the requirements in each case. 

There is not yet any golden, general rule to determine when and where a particular 
material is most suitable. The only rule which is |>ossible of application is use each 
material to its greatest advantage. 

Good eniginoering judgment, based on practical expericnoe*, ccMnbined with careful 
design and accurate calculation, is required to obtain the best results. 

STEEL FRAME BUILDINGS IN LONDON BEFORE THE YEAR 1909. 

The use of steelwork for the skeleton of the building before the passing of the 
L.C.C. General Powers Act of 1909 was relatively small. Considerable progress has 
taken place during the last ten j^ears, <'wid it isi very interesting to compare the con- 
struction used ten years ago and that which is now gradually being introduced. 

He believed the Ritz Hotel was the first building in Ix>ndon to be designed on 
the cage construction principle, about the year 1904. The usual construction at that 
time was to employ some stedwork in the internal part of the building only, or to 
carry the external wall at the first floor level on steelwork to permit large shop 
windows, and sometimes steel pillars were used to strengthen external walls. Where 
fire-resisting buildings were required, the floors were usually constructed with solid 
plain concrete, carried on steel beams 2 ft. to 3 ft. centres, but very little precaution 
was taken for stability or protection against fire for the individual steel members. The 
pillars were generally made in one-story lengths, with caps and bases. 

At that time there were no recognised standard sections, but each mill rolled their 
own particular shapes. These conditions made it very difticult for the structural 
engineer to select the most economical sections, and a very great improvement has 
taken place through the standardisation of sections. 


L.C.C. 1909 ACT. 

The passing of the L.C.C. General Powers Act in 1909 had a very good effect upon 
the method of construction. It is to be regretted that the Act does not apply to 
feuildings designed according to the old Act; nevertheless, the initiroduction of recog- 
iifsdi standard stresses and a general method of design and supervision will tend to 
i^ttnpliflcation and economy in, design and fairer competition and ^fer structures. 
Tffp Act pan satisfactory , f?o all, but it would have been better if the building code had 
lAeti thie;form of regulations by the London County Council instead of m Act of 
, le^atiope in. cpnnecfiOfi with ^gineering must iheccssarily be 

the scie^ and pmetice advances, and it is to be hop^ that 
Inafatute will urge the London. County Coundl to 
in a 'more complete form. 

,^Y«.rVMNo.l. Vc^. VI., No. S. 




STEEL FRAME fia/iD/yCS /W LOJVBOW. 


• ECCENTRIC LOADING. 

•Stresses from eccentric loads are always produced on pillat^ either on account of 
imperfect bearing under the base, in the joints, or on the cap; these may be called 
accidental ecoen.tric loads. Loads carried on brackets, or otherwise placed eccentrically 
to the axis of the pillar, may be called intentional eccentric loads. The loads placed 
on the cap of the column should in most cases be calculated as eccentric loads, although 
at first sight it may appear that the load is placed concentric. On account of the 
deflection of the beams a bending moment is produced on the pillar, and allo^^ance 
should be made for this when fixing a safe stress for the pillar. 

Another factor affecting the safe stress which is of very great importance is the 
question of the inset or edge distance of the section. 

More oonisideration should be given to the question, of reduction of strength of the 
pillar section by rivet-holes. A safe stress for a direct load for a pillar should be set 
so low that an increase of lo per cent, due to intentional eccentric loading will be 
permitted, and where the eccentric load is greater, the sections should be imereftsed 
correspondingly to 90 per cent, of the eccentric Ipad only. By this means detail 
calculations for very small eccentric loading will not be required, and the engineer who 
calculates everything carefully and in detail will not be plac'ed at a disadvantage as 
compared with those who do not go into details so completely. The maximum direct 
•stress shoqjd be set so low that a slight bending should not necessitate increase of 
section. On the other hand, he thoroughly lx‘lievcd that pillars should be calculated for 
eccertric intentional loads. , 


ACCURACY OF CALCULATIONS AND DRAWINGS. 

The chief point in connection with satisfactory and ec'onomical design is accuracy 
of drawings and calculations. Higher stresses can bo used when all loads and stresses 
are accurately caU'ulat(*d, and when drawings are made so (x>mpletc that no alterations, 
or very slight alterations, arc^ neoc'Sisary in the final work, an-cl when the work is well! 
supervised. 

The economic use o.f materials necessitates stressing same as high as is consistent 
with safety, and in order to us4' high stresses great care and accuracy must be exercised. 
These rules apply equally well to steelwork and reinforced concrete. "Jlie plans for a 
structure should be laid out with due c'onsideration to the employmenit of the materials 
intended. Spacing of pillars, depth and span of girders, spacing of tK*ams, etc., affect 
the cost to a very considerable extent. It is hardly realised how much extra it costs to 
make the beams very shallow; very often double the material is put in beams because 
the original plans have been made with the assumption that shallow bc'ams should be 
used in order /to obtain greater head room. It can be said generally for steelwork as 
well as reinforced concrete work the depth of beams of about i-i2th to i-i5th of the 
span is economical, and the spacing of pillars from 15 ft. to 20 ft. is also satisfactory. 
It is still more economical to place the pillars closer in one direction than the other in 
cider to use only |>rimary beams and no secondar}^ beams. This, however, is seJdom 
possible in ordinary buildings in London. 

SURVEY OF SITE. 

The first thing to start with in preparing a set of working drawings for a build- 
ing should be to have an accurate survey of the site, from which to prepare dimensioned 
plans for walls and pillars. Unless accurate dimensions are obtained at an early date, 
the plans cannot be made correct to scale, which obviously will affect the accuracy of 
the calculations for loads and bending moments. 

SIMPLIFIED CALCULATIONS. 

The author has adopted the practice of using one sheet of paper, quarto size, for 
the calculation of each piece. Each piece has a mark or identification number, and 
this is used as the sheet number on the^ calculaticm sheet. This method wiU facilitate 
keeping of records, and avoid mistakes in connection with the alterations. It also 
permits of using printed sheets, and thus reduces the labour of repeating sketches and 
writing.. He further believed that the adoption of pounds as a unit of Weights instead 
of hundredweights or tons is an advantage, for the reaison that in dose catcui^tions 
one must deal with smaller unit weights than hundredweights, and dedniids of 
hundredweights and tons are not desirable. If pounds are us^, the weight of 
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materials or the assumed superload can easily be varied a relatively small amount* to 
iiuifr Tequirements. The calculations of the dead weifjht of floors can be conveni^mtly 
made as follows : Assume reinforced concrete weighs one pound per square inch of 
section of beam or slab per foot run, thus, the slab 6 in. thick and 12 in. wide would 
weigh 72 lb, per foot run, and an 8 in. by 4 in. concrete beam 32 lb. One pound per 
square inch per foot run is equivalent to 144 lb. per cu. ft. — which is for all practical 
purposes a fair average weight. The res-ult is that the weight calculated can be used 
directly as load to be carried without transferring same into hundredweights or tons. 
Pounds are very suiUble for unit weights and loads, but the pound is too small a unit 
for big loads. He had, therefore, adopted 1,000 lb. as a unit for big loads, and he 
called 1,000 lb. one kip, derived from kilo (= thousand) and p (=pound)s). To transfer 
from one unit to the other only necessitates moving the d^imal point thrt^e places. 
A great amount of labour has been saved and mistakes have been avoided. The bending 
moment may be expressed in kips and inches, and the unit length of one inch is there- 
fore used in the calculations throughout. 

The stresses are genorally given in pounds per square inch, except in the cas<" of 
big areas, such as brickwork and ordinary concrete foundations, elc., where the 
[.ressure is given in kips per square foot. 

DRAWINGS. 

The drawings required for the sted structure may he dividtd into thr^e cla?;ses : 
(ij plans, (2) constructional details, (3) shop details. 

Plans . — The plans should show the general design, position of pillars and beams, 
and give all main sections and mark of every separate piece -that is sent to the site. 

Constructional DetailA-.— Constructional details are required lo ilkistrate and make 
clear the connedions, riveting, machining, and all general requirements, the relative 
dimensions between steelwork and stonework, etc. 

Shop Details . — ^These are made for use in the shop, and should show every dimen- 
sion required to make the piece complete, and should not be merely constructional 
details leaving the accurate positions of rivets to be determined by the workmen in the 
shop. 

It is of equal impKWtance to have clear construct ional details and shop drawings ns 
to have carefully designed general plans, l^nlcss the shop details are carefully worked 
out for dimensiouis given on the drawings, showing rivet sijxtcing, sizes of rivets, edge 
distances, accurate position of oj)en holes for field rivets, notes of special requirements 
such as cutting, machining, countersinking, etc., it is not possible to obtain satisfactory 
work on the site. 

All details should be completed in the office by the draughtsman and properly 
checked before the orders are issued to the shop. The cheicking cannot be done so 
effectively in the shop as is possible in the office, and the cost of making alterations of 
the steelwork on the site is much greater than the cost of checking and correcting the 
details in the office. 

PROGRESS or WORK. 

Systematic working throughout will prevent mistakes and dilTiculties, and procure 
satisfactory work and speedy erection. 

Order Lists . — ^When the shop drawings are finished mill order lists are prepared, 
giving section and size of material required, and the material is ordered from the 
roring-mills. Then shop order lists are prepared for all duplicate work such as cleats, 
brackets, and istiffejners, and these order lists, together wdth the shop details, are sent 
to the shop and the work is put in hand. 

During the progress of rolling and manufacture an inspector supervises the wx>rk, 
test® the material, checks all dimension® from the detail drawing, inspects the finished 
member, and approves or rejects same before, it is sent to the site for erection. The 
inspector sends weekly reports to the engineer giving the marks of the pieces, stating : 
,(i) nruitet'i^ rolled, (2; pieces assembled, (3) pieces fiiished, and (4) pieces sent to site. 
Iti thls manner tha engineer can supervise the satisfactory progress of the work, and 

precautitm tp avoid The erection is a very simple matter if the pillars are 

!!^ ;^cCurate position® to the pillar plm and the walls built to the 

and di^ils. The erection can proceed with great speed, as all pieces 
to dimension, Itnd must fit w'bon delivered, care being tal^n in making 
I'lifev^tgn td aflpiy >fer ^^cttoi\ and the minimum amount of field riveting. 
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• NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heading reliable tn^rmaiion will be presented of new works in coarse O) 
construction or completed, and the examples selected will be from all parts of the world* 
It is not the Intention to describe these works in detail, bat rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design,— ED* 


REINFORCED CONCRETE EXTENSIONS TO ELECTRICITY WORKS. 
HULL CORPORATION. 

The works describod b<*l0w include new eng^inc-house and boiler-house with overhead 
coal bunker, now in course of erection at the Sculcoates Lane Electricity Works of 
the Hull Corixvratiom. 

The engine-house, which is being erected at the end of the existing engine-house, 
has a width of 65 ft. between walls, a height of 26 ft. 6 in. to eaves, and a length of 



Plan of Coal Bunker. 

Kr.KCTRiciTV Works Extension, Hull Corpor 


107 ft., with provision for future extension. 

'rhe turbo and condenser foundations are 
built of mass c<)ncrete upon a cluster of jiitch 
pine piles, w'ith ba>yt‘-ments running each side 
at a level 12 ft. 6 in. below main floors. The 
fl(x>rs, which have bocm calculated to tak<* a 
(toad load of cw't. jxr sup. ft., consist of 
b-in. reinforced concrete slabs nesting on cross- 
beams 15 in. by 20 in., forming girders of 
the usuiil T-scTtion, and are reinforct'd by 

5- in. round rods with i-in. stirrups to take 
up excess of shear. The sides and gabk* are 
com}K>sed of curunn walls 6 in. thick below 
and 5 in. thick above floor level, reinforot*d 
by ^-in. rods vertically and horizontally at 

6- in. centres below' and i8-in. centres above 
floor level, with footings 5 ft. by 1 ft. 9 in. 
with |-in. rod reinforcements. 

The walls are stiffened by pilasters 24 in. 
by 12 in., each pilaster containing a 12-in. 
by 6-in. R.S.J., which joists at the side re- 
ceive the shoes of roof trusses ; while at each 
alternate pilaster there are piers 14 in. by 

24 in., with 2-in. vertical reinforcement and 
i-in. wire lacing, carried to a height of 19 ft. 
4 in. to receive longitudinal girders for travel- 
ling cram*. 

The boiler-house, which hfis a span of 
100 ft. and is 90 ft. long, with provision, as 
in the case of the engine-house, for future 
extension, is made up of a central basement 

25 ft. wide by 10 ft. 6 in. high, with boiler 
foundations on each side and main boiler- 
house floor above, with overhead coal bunker 
34 ft. from floor level. 

The roof is composed of steel lattice 
girders secured at the outer walls to the 
R.S.J.s previously mentioned, and on the 
inner side by Lewis bolts to the sides of the 
coal bunker. 

The floors are made up of reinforced con- 
crete slabs 7 in. thick on the main ^r and 
6 in. thick in the basement, resting upon 
crossbeams 18 in, by 24 in,, and the cross- 
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beams are reinforced in a similar manner to the engine-house, with additional longi- 
tudinal beams in the top floor to carry railway, which will be used temporarily pendfig 
the complete installation of mechanical stoking. ^ 



fpondattons and flue are made up of 9-in. concrete slabs similarly 
, ^nforoedr .Hnip4 . ^ fireclay brickwork, and carried upon crossbeams 

’ 0 . / ^76 " ' 
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View of Reinforced Concrete Columns supporting Reinforced Concrete Coal Bunker. 



Interior of Turbo Dioosiu 

Electricity Extensjou WoitKfi, Hull Corporation, 
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i8in. by 20 in., and 18 in. by 34 in. respectively, from which, in the case of the fluei 
they are separated by a sand joint to allow of free expansion and contraction, .j 
The overhead coal bunker, as will be seen from the accompanying section, extertlds 
the whole length of the boiler-house, and is carried upon six reinforced concrete 
stanchions each 5 ft. by 3 ft. by 44 ft. long, supported upon a reinforced concrete 



DataitB of Bunker Foundations and Stanchions. 


Blscthicity Bxtjsnsion Works. Hull Corporation. 

of Which detail i$ given below, 13 ft. 6 in. by 9 ft, 6 in. by 4 ft. 6 in., rein- 
by a grllli^e pf 2*JSi. bulb tees with i-in. stirrups to take up excess of shear* 

' " Ipotings ;ar^ Uai^Hed in turn upon clusters of pilch pine piles 14 in. by 14 in. 

The stiUM;!;!, ions are built of 2 — i — % shingle concrete reinforced by 28 No. ij-in. 
tmtii ro#; with.lin si-ip. centres, and have been designed to take a 

maximum iWid ^ 
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The coal bunker is 35 ft. wide, 33 ft. high, and 95 ft. long, the underside beipg 
battered up at 40 deg. at gable to conveyor level, with a wood partition at the ot^ier 
(temporary) end. 

The arrangement and the number of the supports of the coal bunker were 
governed by the positions of the water tube boilers and the necessity of providing an 
uninterrupted space between the fronts of the two rows of boilers. As only six points 
of supijort were available, the stanchions had to be of considerable sectional area. 
The capacity of the coal bunker is 2,000 tons. 

It is formed of 7-in. reinforced concrete sides, with top and bottom booms 48 in. 
by 30 in. carrying over a span of 40 ft., and a central longitudinal beam 9 ft. by 
I ft. 6 in. resting upon cross-beams over stanchions and intermediately. 

The slabs are reinforced by i-in. round rods at 4-in. centres, double reinforcement, 
horizontally and vertically, with J-in. rods diagonally over supports to take up excess 
of shear, while the booms and cross-beams are reinforced by ij-in. round rods. Tlie 
bottom of the bunker is formed into pyramidal 6-in. slab hoppers carried upon canti- 
levers 12 in. wide with a maximum depth of 7 ft. 6 in. from sides and cross-beams, 
which batter to i8-in. outlets 34 ft. from floor level. 

The slabs are reinforced by 5-in. round rods, while the cantilevers are reinforced 
by ij-in. rods at top, and |-in. rods at bottom, with g-in. diameter lacing for shear. 

The top of the bunker is formed by a steel truss roof carrying conveyor chamber , 
12 ft. 6 in. wide by 10 ft. 6 in. high, with steel floor, and sides formed; of “ Hy-rib,” 
in which a bucket conveyor works, lifting coal into the hoj^pers from an underground 
coal bunker. • 

This chamber is covered with steel trussed, s'latcd roof, with ridge 100 ft. from 
boiler-house floor. 

Additional works comprise large underground pump chamber and drainage sump, 
an underground ashpit and coal bunker, and two exhaust sumps, all in roinforci*d 
concrete, with cloakroom and the usual offices. 

There is also a switchboard chamber, 65 ft. long by 14 ft. wide by 26 ft. 6 in. high, 
along the south side of engine-house, built in reinforced concrete, but faced in brick- 
work to correspond with the adjoining (existing) buildings. 

The foundations being soft clay upon a bed of peat, capable of bearing a load of 
only about 14 cwt. p<‘r sup. ft., it was found necessary to pile the whole site, 400 pitch 
pine piles being used for the purpose. 

Owing to the nature of the foundations, large beams with low percentage of rein- 
forcement have been favoured, as giving additional lateral rigidity. 

The buildings have been specially considered in design \vith the view of making 
them as fire-resisting as possible. Except the light wood lathing for securing the 
slates, the whole of the roofs are of steel, and, as an additional protection, large 
asbestos slabs about A in. thick are to be screwed to the lathing. 

The whole of the wwk was erected to the design of Mr. A. E. White, M.Inst.C.E., 
City Engineer, Hull, the contractor for the reinforced concrete and builders’ work 
being Mr. J. T. Levitt, Hull, and Messrs. E. C, and J. Keay, Ltd., Birmingham, for 
the constructional steelwork. 

REINFORCED CONCRETE BRIDGE IN FRANCE. 

The bridge here illustrated has recently been erected at Seytenex, near Annecy, in 
Savoy, France, by Messrs. Mazet and Limousin, Contractors and Licensees of the 
Coignet System at Lyons. 

As shown in the illustration (frontispiece), this bridge .spans a deep valley, at the 
bottom of which runs a river, and the foundations of the abutments and the piers are 
construoted on the rock. 

This particular type of bridge is similar to the one which was erected about 
fifteen years ago, also on the Coignet System, at Luxemburg. It may be described as 
a composite structure, the arches, piers, and abutments being in stone masonry, and 
the supOrstructe*^ being entirely in reinforced concrete. 

A ^ particular type of bridge is that it is composed of tw^o 

archeis in storie .pasonry, instead of the usual single masonry arch, which is, 
^ 9 ^ Oostly Wid more complicated to erect. In this case the scaffolding for 
nsrohes is shifted, after the win-k has been completed, and used 
iilte Adjoining arch, so that much lighter scaffolding is required 
; The two arches are connected together by the reinforced 




REINFORCED CONCRETE BRIDGE. 



concrete superstruc- 
ture, which they 
support. The spans 
of the principal 
arches of this bridge 
measure approxi- 
mately 140 ft., and 
the two smaller 
arches at each end 
have a span of about 
43 ft. The deck and 
the arches are calcu- 
lated for ordinary 
road traffic, the heavi- 
est moving load being 
that of a stejim-roller 
weighing 15 tons. 
The principal mas- 
onry arches measure 
approximately 5 ft. 
at the springing and 
3 ft. in the middle. 

As stone is easily 
pr(x:urable in this 
particular district, it 
was found more 
economical to make 
the arches in this 
manner than in con- 
crete or reinforced 
concrete. 

As shown in the 
accompanying eleva- 
tion and plan, the 
weight of the road- 
way and deck is 
transmitted on to 
the twin masonry 
arches by means of 
a series of pillars. 
The footpaths on 
either side support- 
ing an iron railing 
are cantilevered and 
supported at inter- 
vals by means of 
brackets. The width 
of the roadway is 
approximately 13 ft., 
and the total width 
of the bridge, includ- 
ing both side walks, 
is approximately 18 
ft. The masonry 
arches have a width 
of about 4 ft., and 
the interval between 
them is about 7 ft. 

The reii^foroed 
concrete superstruc- 
ture, which indudes 
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Cross Section. 

Reinforcsd Concrete Bridge, Seytenex. France 
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the pillars, tie beams, and the deck, is executed on the Coignet System, which is 
composed ot a special arrangement of round biirs of mild steel. The pillars contain 
four bars at each corner, held together by means of spiral ties of small diameter. The 
longitudinal beams contain two main bars in the bottom portion working in extension, 

and two upper 
bars in the top 
portion of the 
beam working 
in compression, 

. the two sets of 
bars being 
united by means 
of small-diame- 
ter round bars or 
stirrups, which 
are intended to 
resist the 
shearing efforts 
in the beams. 
'I'he transverse 
beams undt^r- 
neath the floor 
slab, uniting the 
two parallel 
rows of pillars 
above the 
arches, and sup- 
porting also the 
decking, contain 
three bars in 
tension and 
three bars 
in compression, 
also united by 
means of stir- 
rups. The deck- 
ing itself, which 
is about 5 in. in 
thickness, con- 
tains a mesh- 
work of round 
bars. The rein- 
forced concrete 
decking is cov- 
ered by means 
of a certain 
thickness of 
richer concrete 
laid to fall to 
prevent the per- 
colation of water 
through the 
reinforced con- 
crete deck, and 
the roadway is 



ntade up by means o»f about 9 in. of ordinary road metalling. 


TINPLATE WORKS, LLANELLY. SOVTS WALES. 

The accompanying iliustraticMis show some works recently erected with Winget 
concrete blocks. 
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The main building contains a travelling overhead crane carried on steel colunins. 
The wall panels between the steel colunins arc i8 ft. 8 ip, wide by 35 ft. high, and/aie 
filled in with 32 in. by 9 in. by 9 in. hollow concrete blocks. 25,299 blocks were 
required in construction. 

The workshops, pickling-house, engine-house, and tin-house were all erected with 
hollow concrete blocks as above, the number used being 18,219. 

The photograph below shows that concrete blocks* are admirably adapted for 
industrial purposes, and it will be noted that the walls are built “ honeycomb ” fashion 
for ventilation and the escape of fumes arising in the course of manufacturing tinplates. 



Tinplate Works. Llanelly, South Wales. 


The boundary wall (p. 283) was also constructed with “Winget” blocks, its length 
being 587 ft. and the height 10 ft. ; 5,602 blocks were required for its erection, and to 
finish same 220 lengths of coping 32 in. by 12 in. by 9 in. were required, the latter also 
being made on the “ Winget ” machine. 

Thus the total number of concrete blocks used on this contract was 49,110. The 
blocks were made on a “ Winget ” concrete block-making machine, and the concrete 
was mixed in one of the company’s ** Express ’* mixers. The output of blocks averaged 
400 per working day. Tlie contractor was Mr. S. E. Clay, Nuneaton, for Messrs. R. 
Thomas & Co.,. Ltd., of Llanelly, South Wales, and the architect was Mr. W. H. 
Walker, 12, Cherry Street, Birmingham. 
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AT HOME AND ABROAD. 

A short summsty oj some of the lesding books v>h{ch hsne sppesred during the lust feru months* 


** Structural Details of Hip and Valloy 
Rafters.** By Carlton Thomas Bishop. 

London : Chapman & Hall. Ltd.. 11 Henrietta Street, 
Covent Garden. W.C. 72+ v pp. Price 7/6 net. 

Contents . — Greneral Outline — Flange Con- 
nection — Web Connection — Notes on 
Other Cases — Derivation of Formulas 
— Graphic Method of Determining 
Angles — Values and Logarithms for 
Common Cases. 

This volume is illustrated with nunuT- 
ous drawings which show the method of 
working for the various cases which arc 
•described, and a great deal of ciire has 
been exerefsed by the author in the pre- 
paration of these diagrams, which are 
clc.'ir and well drawn. 

Then' is no doubt that the detailing of 
hip and valley rafters with the various 
i^onnections is a matter that is likely to 
cause a great amount of trouble to the 
inexperienced draughtsman, and a volume 
devt>t€d entirely to this section of con- 
structional work should be cvf value. It 
is rather surprising to find that so much 
matter can b(' presented by such a limited 
subject, but there certainly do not ap- 
pear to be any superfluous notes or draw- 
ings. The method of finding”* the neces- 
sary numericid values, both algebraically 
and graphically, is fully explaimd, and 
much ot the calculation is simplified by 
means of tables. I'he book is well pre- 
pared, and although its us<'. will obviously 
be limited, as the subject is nt>t one which 
has to be dealt with every day, thm* is 
no doubt that it will meet the needs of the 
structural draughtsman when he is en- 
gaged in solving problems in hip and 
valley construction. 


* Flr« Tpptp with Roof CoTorlago of Asbtotoo 
Comofit Corrugotod Shoots Suhmlttod 
for Toot by tho Aobootoo Manpfacturoo 
Cp. Ltd.*' 


Red Book No. 174 of the British Fire Prevention Com- 
mittee. Publitbod at the Offices of the Committee, 
E Waterloo Place. S W. Price 2/6.* 

This Red book deals with tests under- 
taken with eight roofs covered with 
asbestos cement cofirugated roofing, with 
pitches of 32°, 45®, and 68®. 

In the case of roofs i to 4 the roofing 
was on boarding, for roofs 5 and 6 the 
roofing rested on purlins^ and in roofs 7 


and 8 the ends of the roofing were bedded 
on the wall. 

The tests were of 30 minutes’, 45 
minutes* and 60 minutes’ duration. 

In some cases the removal of the fire 
was to be followed by the application of 
water, whereas in others no water was 
to be played upon the roof. 

The progress of the various tests is 
given In the form of logs, and in each 
case the obstTvations after test recorded. 
The report is excellently illustrated, and 
all dimensions are given, with metric 
equivalents. 

*(A German edition of the Report has also been 
issued by the Committee’s Continental Publishers 
(The Rechtsverlag, 6a Kdnigstrasse, Hannover). 

** Ezperimenta wDh Fixed Beams** (**Ver- 

auche mit elngeepannten Balhea'*). By 

Dr. F. E. yon Emperger. 

Leipxij/ and Vienna ; Franz Demike. 1913. Price Mk 10. 

ITie reinforced concrete committee of the 
Austrian .Association of Engineers and 
.Architcct.s planned a sc^ries of ex|:M>riments 
on the strength of beams fixed at both 
ends, which have be<*.n carried out by Dr. 
von Emperger, and are now described in 
his report. Som<* frwly supported beams 
were included for purposes of comparison, 
as well as some balanced by a load beyond 
the bearing. The beams were prepared and 
tested at the Association *s testing place at 
Heiligenstadt. The testing method em- 
ployed was the simple one devised by Dr. 
von Emperger, and previously described in 
this journal. Delicate instruments of the 
Martens tyj>e were used for the measure- 
ment of deflections. In addition, as 
is usual in Continental work, each beam 
was photographed at the stage at which 
cracks became visible, and a complete re- 
cord of the manner of fracture was ob- 
tained. The effect of the loading on the 
walls into which the beams were built 
was also observed and recorded. 

The principal conclusions , arrived at as 
the result of these very extensive tests 
are 

I. Every beam which is not special^ 
constructed as a freely supported beam 
should be regarded as at least partial!;* 
fixed, and tbi reinforcement at the ^nds 
should.be distributed accordingly. The, 
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compression zone should never be entirely 
free from reinforcement. 

2. In computation, the moment of 
flexure at the bearings must always be 
taken into account as well as the bending 


moment in the middle. 

3. Where proper connection is made be- 
tween the beam and its bearings, the 
beam m-ay be regarded as completely fixed, 

and a moment of =0*083 tjl^ may be 
1 2 


assumed at the ends and onc-half of that 
value in the middle. The bearing is to 
be regarded as including not only a sec- 
tion of the wall of the same br<adth as 
the beam, but a wider section depending 
on the quality of the material in the wall. 

'4. In doubtful cases a less degree of 
fixing may be assumed. The experiments 
show that the distribution of stress adapts 


itself to the reinforcement. 

5. The most complete fixing is obtained 
by completely connecting the reinforcement 
of the beam with the bearing, as in fraiiH' 
construction. In the absence of such a 
plan, the ends of the reinforcing rods may 
be merely bent over and embedded in the 
concrete of the bearing wall. 

6. With sufficiently rigid connection, the 
beam and be^iring wall may be computed 
as a statical whole. 

7. Where the wall is of brickwork set 
in lime mortar, it is advisable to compute 
the beam as if freely supported, but to 
provide for partial fixing by bending up 
the reinforcing rods. A suitable support 
of Portland cement concrete may, how- 
ever, be built into the wall. 

8. The construction of corbels at the 


ends of the beams is of advantage. W'hen 
these are large, the construction behaves 
as a cantilever; and the stresses are 
greatly diminished. 

** Concrete Building Blocks” (*Der Beton- 

BsikblocK"). By Men Keller. 

Berlin: VerlaitderTonindustrie Zeitun({.1913. Price Mk 3. 

This little work deals, clearly and com- 
pactly, with the use of concrete blocks in 
building. The types of hollow* block de- 
scribed arc classified as American, Rus- 
sian, Austrian, and German, and examples 
of the application of most of these are 
given. The variety of the constructions 
described is considerable, ranging from 
boundary w’alls and farm buildings to a 
large watcT-tower, which also scM'ves the 
purpose of a view-tower. Concrete blocks 
have also found considerable application 
in Gt?rmany in the erection qf buildings* 
for military purposes on manceuvring 
grounds, in place of the usual corrugated 
iron- structures.. A detaik‘d account of the 
methods of manufacture is given, and 
one chapter contains the plans and drriw- 
ings for a deitached house of satisfactory 
iirchitoctural appearance constructed with 
“ Phemix hollow bkx'ks. The lintels, 
sills, etc., are in artificial stone, and the 
roof of cement tiles. The cost of hollow 
blocks is computed to vary from 10 to 17 
marks per cubic metre, an av<Tage value 
being 14 marks. This is assuming that 
only a single machine is us<*d, requiring 
the services of two men. Details of tests 
are also given, and the book contains 
much us<*ful information concerning this 
ver)^ useful and simple method of con- 
struction. 
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CORRESPONDENCE. 

Under this heading we invite correspondence. 


REINFORCED CONCRETE FAILURES. 

Dear Sir, — In your editorial notes in a recent issue under the above heading you 
gave two warnings on the matter of failures in reinforced concrete work. 

The first one, addressed to the builder or contractor, is undoubtedly one with 
which everybody will agret', and this warning is certainly useful in view of the fact 
that many specialists send out invitations to lender broadcast, and in many instances 
these invitations are received by builders who have had no previous experience of 
reinforced concrete. Jo add to this w-arning, I venture to suggest that it would not 
be out of place to suggest to these specialists that they should send with their inquiries 
to builders sufficiently detailed specifications and bills of quantities to enable the 
builders to realise the true value of the work. 

1 am sorry to say that many sjiecialisls avoid giving details to builders in the 
Hope of being able to obtain a cheap price. It is obvious that, if a builder with 
insLifticient information gives a price for which he afterwards finds he cannot carry 
out the work, the man is tempted to scamp the work. 

Taking the case of a builder tendering for an important job and receiving from 
about half-a-dozen or more firms of specialists offers of schemes and bills of quanti- 
ties, he will undoubtedly price every one of them and incorporate whichever is the 
cheapest in his tender, as he has no means of deciding for himself whether the 
cheapest one is really the best. 

Personally, I think that the danger of failure through this practice is rather large. 

As time goes on and the specialists multiply, it is open for everybody who likes 
to do so to call himself a six*cialist, and to invite tenders on this basis in the hope 
of securing a job on which he is paid by royalty, commission, or by selling the 
reinforcement. 

This brings me to criticise the second warning which you issue, and which I 
venture to submit is unfair to thosi* who combine designing and contracting. 

What is practically suggested in this second warning is that if those firms who 
combine contracting with designing have not yet had failures they are likely to have 
them in the future. 

I do not see at all why such firms arc more likely to hiivc failures th*an those who 
simply borrow schemes from independent specialists, and I would say, furthermore, 
that all failures that I can call to mind in this country have actually happened in cases 
where the specialist was not the contractor. 

What has actually taken place in the last few years is that firms of contractors, 
feeling uneasy owing to the amount of competitive systems that there are, and 
feeling a certain amount of uncertainty as to the relative merits of these systems, 
have actually either retained the services of a competent practitioner or,, engaged his 
entire services to advise them and to control the reinforced concrete department. 

It should be obvious to the writer of your editorial notes that a firm who under- 
takes the designing and the contracting together undertakes considerably more respon- 
sibility as compared with a firm who goes in for designing only. The specialist 
contractor cannot lay the fault on an outside designer, and the disputes as to whether 
the design is wTong or the contractor is at fault vanish altogether when the whole 
work is carried out by one firm. Moreover, contractors who go to the care and 
• expense of organising departments of their own will naturally be firms who have large 
connections and important interests to protect, and have therefore every incentive to 
retain the services of or employ thoroughly capable experts to advi^ them. 

The Editor, Concrete and Const ruciional Engineering, 
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POPULAR USES* 

Under this heading it is proposed from time to time to present partfcaltrs of the more 
popular uses to v)hich concrete and reinforced concrete can be put, as, for instance, in the 
construction of houses, cottages and farm buildings. Previous articles will be found in our 
Issues of December, 1912, and January and March of this ^ear.— ED, 


CONCRETE COTTAGES. 

The following are some notes and particulars regarding a concrete cottage erected on 
Messrs. Rowntree’s estate, York, to the design of their architect, Mr. J. Swain, under 
who^ sujE>ervision the work was also carried out. 

The cottage is an experiment to attempt to solve the question of cheap well-built 
sanitary cottages for agricultural labourers. Mr. Swain writes as follows : 

“ Having designed very largely, and erected numerous structures in reinforced con- 
crete/! was convinced that if we would build cheaply and well, undoubtedly this is the* 



Concrete Cottage, York. 
Mbssrs. Rowntreb’s Estate. 


materia! to which architects will have to look for cheapness combined with durability. 
It muat, of course, be borne in mind that concrete work must be well done, and excep- 
tional care taken in. the choice of materials and proportions, in order to have good results. 
ITIie ^eral architect is often inclined to look discouragingly on concrete bkause his 
has flight, hto 4hat in all probability he will be troubled with expansion, 
^SpSciiOlly mth r^ard to flat-roof construction. But practical 
that with the proper selection of materials, and combined with 
pass in every respect the British Standard Specification, 
arising. TWe are itwo great faults often made in 
wortc— ^namely, either too great a proportion of cement or too 
^ failScle of aggregate should be thinly coated with cement grouting, 
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and the interstices filled with the smaller proportions of aggregate and not cemented 
together with lumps of pure cemeint as is often the case, otherwise there is sure to 
be difficulty with uneven expansion. Concrete for roofs should be composed of gravel 
or the like impervious stone.’* 

The writer has found the most simple and satisifactory method of obtaining proper 
proportions of aggregate is to pass the gravel through a screen having a circular mesh 
of |-in. diameter, and grading the aggregate down from } in. to pea size. This clean, 
wetted gravel should then be put into a bucket, filling it level with the top, and inito 
this a sufficient quantity of water should be poured to fill up the intersitioes to over- 
flowing. The proi>ortion of water necessary to fill the bucket in bulk is the proportion 
of sand to be added to the gravel. Both sand and gravel must be w'cll washed and free 





'< 


Plan 

Concrete Cottage, York. 


from any foreign matter. Having obtained the proportion f of sand required to mix 
with the gravel, the best proportion of cement is one to sdx in bullc. If these instruc- 
tions are carried out, and the concrete thoroughly wetted hi the mixing, and fce^ wet, 
for a few days, there ^ is little fear of leaky roofs, llie tjsual cause of unsatisfactory 
cifnorete work has been due to the contractor taking very little heed of the icMorete 
because he intends facing ^me with a granolithic finish. This musi on no iaccowft 
done if good, sound work is to be the result. The architect must insist upon the 
concrete being put down in a thoroughly wet mass, and, when it has suflfictently set to 
allow trowelling, the original surface must be wefl trowelled with a metal trowel. If 
i. onorete is allowed to set and is followed on with a rich mixture oif granolithic topping, 

2S9 
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a variation of -expansion will be obtained, and expansion (.racks will occur, and in 
many cases the granolithic will leave the body of the concrete. , 

The experimental cottage here deiscribed was constructed in everv wa\ to pass the 
local bye-laws of York. The external walls are 9 in. thick. There was, of course, no 
necessity to use such a thickness, as the writer has built a two-storey house at the 
seaside where the walls are only 4^ in. thick, but the b} e-laws of York would not allow 
t>f any reduction. Blocks were cast in moulds, as show n in the accompanying photo- 
graph. The method of obtaining a rough cast finish was prcKured bv putting a thin 
layer of sand at the bottom of the moulds, embedding into it some sharp, clean basic 
slag, and then about 4 in. of good solid gravel concrete. 1 he mould was then filled up 
with concrete composed of clean, screened boiler ashes. Ihe ash concrete was used for 
two purposes, firstly, because it was cheaper than the gra\el, and secondly, because it 
forms a good surface for skimming over with plaster, and prevents condensation to the 
walls. The same course is adopted for the reinforced concrete flat nxifs and is worthy 
of comment. When making the slab at least i in. of good ash concrete should be put 
down and covered over immediately with the gra\cl concrcU. 'Ihis gets oyer any 



Concrete Cottage. York 
Messrs. Rows tree's Estate 


difficulty ^perienced with extreme variations of temperature The internal walls were 
made entirely of ash concrete ai in. thick, and a mould and sample block are also to 
be seen in the illustration. 


The modus operandt for convtnxting a cottage adopted by the writer is as 

follows 

Strip the vegetable soil, and fill in with hard clinker ashes or broken stone or 
othw duitable material, lay over the whole of the site a 4 in. concrete slab composed of 
pod gravel toneme, bring up the sides the width of the walls to 6 in. above the exist, 
ing e^h line. This forms a raft similar to an inverted box lid. Care must be taken 
that the whole of the concrete necessary to form this slab and the sides shall be done 
m one day to prevent cracks or faulty adhesion. After a couple of days’ setting the 
“J!?? blocks forming the external walls can be proceeded with. These walls. 
Whkb o very rtstic appMtaranoe from the outside, have been smoothed off when 
eM btt Sje interiMl face, so as to dispense with expensive plastering. In a mimbo- of 
It would be qukc sufficient to give these walls a coating of lime-wash or 
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distetnper, but in the cottage in question the walls were lightly skimmed with a coat 
of Jime-putty gauged with plasiter of Paris. The windows were built in as the work 
proceeded, and the fascia w'as formed of solid concrete. This was done in order to 
embody small pieces of steel to stretch the wires for the reinforced concrete roof. The 
floor boards come in useful for centering for the concrete roof. 

The concrete roof was composed of gravel concrete carefully graded and mixed six 
to one. The wire reinforcement was then stretched across from side to side, and the 
slab cast 4 in. thick with stiffening beams on the outside so as to dispense with expensive 
wooden forms and also unsightly ceilings. This slab was trowelled after it was properly 
set, and has proved perfectly watertight. 

Ash concrete was placed upon the gravel concrete floors to the necc'ssary thickness, 
and the floor boards were nailed down to the same. When fastening the boards 
to the breeze or ash concrete foundation, care must be taken that the boards bed 
down solid on to the concrete. If the concrete is not perfectly level, fine ash should 
be sprinkled over in order that there shall be no air spaetjs between the boards and 
the concrete. The concrete must aUo be thoroughly dry before it is covered with 
boards. Unless these two items are carefully watched, trouble will arise from rot. 
The writer’s experience, especially with large factory work, is that, j>rovided the 
concrete is dry and the whole of the air expelled from under the boards, a thoroughly 
• sound floor can be obtained. Immediately it is endeavoured to get a small air space by 
inserting strips as is often done, dry-rot will ensue, w h'ch spreads very quickly in vitiated 
air. 

The chimneys were very carefully workt‘d out to prevent down draughts, by pro- 
viding adequate openings on each side, covered with concrete slab. It is often said that 
low shaft chimneys will not draw, but no difficulty has been experienced, although this 
cottage is placed in low land at the bottom of an orchard, and is surrounded by tall 
trees and higher buildings. The living room, which is 15 ft. 6 in. by 12 ft. 6 in. is 
provided with kitchen range, and the copper in scullery is built at back of the range 
with specially constructed flue and damper, so that the water in the copper is heat^ 
by the fire of the range. From the copper a pijxi is fixed so that hot water can he 
discharged into the bath. In this case a w.c. was constructed as earth closets are not 
allowed^ but the cost given does not include drainage. 

In addition to the living room and scullery above mentioned, the cottage comprises 
a bathroom, one bedroom ii ft. 6 in. by 10 ft., and two smaller bedrooms, each 9 ft. 
by 9 ft. There is also provision for coals, and a passage 15 ft. 6 in. by 3 ft. 6 in. The 
height of the rooms is 8 ft. 6 in. ITie cost of labour and materials was together 
^'88 I2S. 8d., but it should b^' stated that no charge has been made for the boiler ashes, 
which w’ere supplied free, and for which is. per load cartage was paid. This cottage has 
been inspected by the Right Hon. Walter Runciman, who expressed, great satisfaction 
with the accommodation and appearance. 




HemoMtndM Mn4 Ninas Hems sre presented under this heeding, xatth ocessionsl editorial 
comment. Authentic neeus %oltt be v)elcome,--ED. 


BUILDING TRADES EXHIBITION. OLYMPIA. APRIL l2th TO APRIL 26th. 

We have been unable to obtain an advanced copy of the calalofijue of the Building 
Trades Exhibition, but we learn that amongst the many concrete exhibits and kindred 
trades, the following firms have obtained space, and will, as usual, be thoroughly • 
represented : — 

Art Metal Coast ruction Co,, Lid., 5-1 f, Holborn, E.(^ — Stand No. 104, Row E. 
The Associated Portland Cement Manufacturers 1900) Ltd,, Portland House, 
Lloyds Avenue, E.C., will have their usual stand, No. 120, Row F. 

R, H, Baumgarten, Manor Park, Lewisham, London, S.E., of First Cottbus 
Cement Goods and Machine Works. — 'Stand No. 128, Row F. 

Bellas United Asbestos Co., Ltd., Southwark Street, S.E. — Stand No. 168, 
Row H. 


BIspbam Hall Colliery Co., Orrcl, near W^igan. Stand No. 73, Row I). 

British Ceresit Waterproofing Co., Ltd., 68, Victoria Street, S.W. — Stand 
No. 210, Row J. 

The British Steel Piling Co., Dock House, Billiter Street, London, E.C. — 
Stand No. 7, Bay, in the Gallery. 

The Expanded Metal Co., Ltd., York Mansion, York Street, Westminster, 
London, S.W., have their usual stand. No. 157, Row G. 

Genera! Fireproofing Co., 34-36, Gresham Street, E.C.— Stand No. 95, Row E. 
Homan dt Rodgers, 17, Graoechurch Street, E.C.— Stand No. 130, Row F. 

Ironite Co., Ltd., i, Victoria Street, S.W, — Stand No. 214, Row J. 

W. Kennedy, n, Furzeham Road, West Drayton, Middlesex.— Stand No. 45, 
Row C, where demonstrations o.f rod-bending machines can be seem. 

Keraer, Greenwood dt Co., King’s Lynn. — Pudlo waterproofing. — Stand No. 33, 
Row C. 


J. A. King R Co*, i8i, Queen Victoria Street, E.C.— Stand No. 112, Row F. 
Mack partitions. 

Flre-RnMlag Plooriag Syadleat*. Ltd., 133, High Holborn, 
W.C.— Stand No. 119, Row F. 

L*wl$, Bdttere Co., Homorton, N.— Stand No. 59, Row D. 

F. McNoUl e Co., Lambs Passage, Bunhill Row, E.C.— Stand No. 103, Row E. 

, Ogiaoir, Ltd.,, 9$, Victoria ^U-eet, S.W.— Stand No. 176, Row H. 

Co., Ltd., 508, Brunswick House, West. 
Mwidon, N<^a 218^219, Row K, where exhibits of concrete 

.mliiitjjl at^ s^^, plliij^ will be on view. 

' '**^*““■“'^(1^ , LiML. df ^aisgow, will have an exhibition demonstrating a 

f win call for considerable attention and CTMte 

. No. 136, Row F. 

■ 5 feet, E.C.— Stand No. 154. Rw G. 


, l^nb, £.C.-.Stahd No; 63, Row D. 
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The TruMsed Concrete Steel Co*, Ltd.f 6o, Caxton House, Westminster, 
I^ndofi, S.W. — Stand No. 154, Row G. 

VIbrocel, Ltd., Eldon House, Eldon Street, E.C. — Stand No. 144, Row G. 

Vulcanite, Ltd., 118, Cannon Street, E.C. — Stond No. 105, Row E. 

The (U.K ) Wiaget Concrete Machine Co.. Ltd., Newcastle-on-Tyne. — Stand 
No. IQ3, Row J. Continuous demonstrations will be held of the “ Winget ” concrete 
block and slab-making machine, the “ Titan ” concrete block and slab^aking 
machine, and the “ Express ’’ hand-power mixer. 

Most of the other well-known firms will be represented, and the exhibition bids 
fair to be as great a success this y<^ar as any held in the past. 

Visits to the Exhibition. — Hy the courtesy of Mr. H. Grevillc Montgomery, the 
members of the Institution ot Municipal Engineers will visit the Exhibition on 
Saturday, April 12th, at 3.30 p.m., the Exhibition authorities having kindly supplkxl 
cards of admission. 

Similarly the members of the Concrete Institute will visit the Exhibition on 
Thursday aftem{x>n, April 24th, at 3 p.m. Applications for tickets of admission should 
l>c made by members to the Secretary of the Institute. 

The British Fire Prevention Committee's Testing Owing to the 

•greater demands made ujH>n the British Fire Prevention Committee for testing facilities, 
h has been decided to enlarge their testing station and to add to their plant. 

The main building is also being rea^anged in such a form that the principal 
rooms will be available for the committee’s interesting technical and historical 
collections. 

It is anticipated that the alterations will be* compleUxl wirly in April, when the 
testing operations for the new session will comnwmee with several tests of fire-resisting 
doors, various forms of glazing, some new extinguishers, and certain further tests 
with concrete fl(X)rs, etc., and with jiartitioning materials. 

Apart from the usual applumces for fire tests emanating from Great Britain and the 
Colonies, there is a marked increase of requests for tests from Germany and from the 
United States, where the Committee’s reports also enjoy the recognition of the public 
authorities. 

ERRATUM. 

Messrs. Newhouse's Premises, Middlesbrough.— regret that the block 
(section) p. 204 of our March issue was inadvertently inserted upside down. 

TRADE NOTICES. 

The Bring Building Block Machine. — TTiis. machine consists of a substantially 
built mould box, the sides and <Mids of which arq hing<xl to a fixed table, and when 
closed they are held in position by wedge-shaf)ed standards. The machine is simple 
in action. It is claimed tluU either hollow or solid building blocks with any design of 
face can be quickly and effectively made on the Dring machine; furtlw, that all 
classes of buildings can be quickly erected with its aid. Some buildings recently 
erected, viz., a pagoda at Wynward Park and St. Mary’s Presbytery, Stockton-on-Tees, 
were illustrated and described in our February issue. 

Other buildings erected include a church at Horden, Durham. 

It is claimed that two men can make some 275 to 300 blcK'ks per day, working nine 
hours ptn* day, on one of these machines. 

Illustrated booklets and full particulars can be obtained from Messrs. J. Wilson 
Browne and Son, Ltd., 32-35, Ludgate Hill, Birmingham, who are the sole selling 
agents and licensees. 

Reinforced Concrete Reservoir iPIketty Sj stem K— The Rural District Council 
of Sedgefield, Durham, has accepted the tender of Mr. J. W. White, of Sunderland, 
for the construction of the new water reservoir, in accordance with the plans of Messrs, 
Paul Piketty and Co., Reinforced Concrete Engineers, London, W,C, 

CONTRACTS. 

Latge Cement Contracts. — We understand that the Associated Portland Cement 
Manufacturers (1900), Limited, have recently completed contracts for approximately 
300,000 tons of Portland oemen-t with eminent English and French contraic^prs fpr use 
in important port works at Buenos Ayres and Maf del Plata in the Argentti^ and at 
Rio de Janeiro. , ^ 
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llluitration thowi cross dam at the Entrance to Chertsey Lock which ia 
now being reconstructed by the Thames Conservancy. It is a tingle row 
of our 15 inch x 43 lb. Piling, and is quite watertight. The same kind 
of piling is also being used for retaining the sides of the Look| 
afterwards being covered with concrete and forming part of the 
permanent work. 

THE STRONGEST PILING 
ON THE MARKET. 


Steel Piling Co. 

B.C. 
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memoranda, 

• 

The Wouldham Cement Co., Ltd., have also, we undersUnd, contracted with 
Messrs. S. Pearson and Son, Ltd., for about i4(),cxx) tons of Portland cement, required 
fot the new Royal Albert Dock, London, and for the new port works at Valparaiso, 
Chili. 

CATALOGUES RECEIVED. 

The Spiral Bond Bar Co. Ltd.— A new catalogue recently issued by this com- 
pany has been sent us. The booklet sets forth the advantages of the “ Trisec ” spiral 
bond bars for reinforced concrete construction. 

ITie bars are produced by two mechanical processes : first of all, straight bars of 
special section are rolled, and then the bars are gently and gradually treated until 
they attain a spiral form. Powerful machinery is used for the mechanical process, 
and the operation is so carried out as to avoid injury to the structure of the metal. 

It is cIaim<Kl that the spiral form of the bar provides a perfect mechanical bond, 
which is capable of effective resistance to tensile or compressive stress, as required. 

Briefly, the principal advantages claimed are : (i) economy and efficiency; (2) the 
mechanical bond saves the cost of mechanical preparations ; (3) higher stresses can be 
employed ; (4) high buckling resistance in the case of compression members ; (5) reduced 
weight, thus saving freight and cartage, etc. 

The booklet contains many illustrations of buildings where the bars have been 
* employed, which include warehouses, grain silos, Wtater-towers, lodging-houses, etc., 
etc. Illustrations of the works where the bars are manufactured are also given. 

Full particulars can be obtaintd from .the comptiny at their offices, Caxton House, 
Westminster, S.W. 

The British Steel Bar Co. Ltd.—\\\^ have received a catalogue dealing with 
the company’s “ Helyxa ” bar. The booklet briefly explains how these bars, twisted 
in shap(*, are made, and the various advantages attached to their use are set out. 

It is claimed that these bars have a highly efficient mechanical bond; owing to 
the continuity of the rib running spirally round the bar it carries its full share of stress 
in the structure, i.e., the whole of the steel in the bar carries stress; no fishtailing is 
required; increased bending resistance is obtained in comparison with the resistance 
obtained from plain and untwisted bars; a saving is effected in the steel; lastly, it is 
stated such bars are fr<^* from flaws ow’ing to the mechanical process employed in 
manufacture, and they have absolute surface contact with the cement. Some tests 
made with the bars are reported on. 

Full particulars can be obtained on application to the company at their offices, 
17, Victoria Street, Westminster, S.W. 

ENQUIRY. 

Dear Sir, — I shall be very glad to know if any of your correspondents can inform 
me if it is feasible to construct a reinforced concrete tank which will be able to hold 
pure, clean water practically at boiling point? The tank is to he 15 ft. square and 
10 ft. high. 

I shall be glad if you could give me any information on this subject. 

I am, yours faithfully. 

The Editor, Concrete and Constructional Engineering, Enquirer. 

Replies. 

ist Reply . — I have had no experience of the effect of boiling water on 
concrete, but 1 do not imagine that there would be any direct trouble exi>erienced with 
disintegration of the concrete, as one of the tests for the soundness of cement is for the 
briquette to be immersed in boiling water. 

With such a small tank, 15 ft. square by 10 ft. high, I see no difficulty in making 
it of reinforced concrete, provided the base and sides of the tank are not restrained by 
outside forces, so that contraction and expansion could be taken up without inducing 
stresses on the structure. If, on the other hand, the bottom and sides of the tank 
are restrained in any way, the temperature stresses could be taken up quite well by 
adequate reinforcement. .... * 

2nd Reply. --With reference to inquiry concerning reinforced ewerete tank to hold 
pure, clean water practically at boiling point, I consid^ that it. is quite feasible to 
construct this, although I do not know of any example in practice of a similar nature. 
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shoutd not be affected or damaged by boiling water if the cement the 
Vight quality and proper precautions are taken in the execution of the work. I shouldT 
f»uggest that the reinforcement be in the form of scsveral small bars in both directions 
in preference to a comparatively few bars widely spaced. The work should also Jbe 
allowed to stand for the maximum p^iod of time after execution before being put into 
.use. The concrete should be a rich mixture, and the best aggregate would be a clean 
balltist. A. L. 

3rd Reply , — I have not had any experience of concrete being subjected to the con- 
ditions mentioned in the above inquiry, but from experience with high dry temperatures, 
providing the concrete was properly made and properly reinforced, a dry heat of 
212° F. should not affect it, but after some period it is possible the concrete may com- 
mence to disintegrate with a wet temperature of 212® F. It is presumed that the tank 
would be open or that the steam would have free exit. I think, however, the principal 
trouble would be found at the water-line, where the concrete below and above the water 
would be subjected to such entirely different conditions. A. H. S. 


MISCELLANEOUS 

Rate 6 lines (or under), is. : each additional line, \0d. Remit with order. 


T he owner of British patent 

No. 6607 of 1909. entitled “ Improvements in Blocks 
for Reinforced Concrete Floors," granted to F. Schiller, 
is desirous of disposing of the Patent or entering into a 
w rking arrangement under license with firms likely to 
be interested in the same. In the alternative the owner 
would be open to consider proposals to manufacture the 
invention to fill any requirementa of the market in Great 
Britain on terms to be arranged. The Patent Govern an 
invention interesting toBuil»*ers, Contractors and rthets 
employing Reinfo, ced C^ ncrete. Detailed information 
as to the inven ion will be found in the Patent Specifi* 
cation, of which a copy will be supplied to any interested 
party on request. Full particulars can be obtained from 
and offers msde (for tran«mission to the owner) to 
Marks & Clerk. 57 and 58 Lincoln's Inn Fields. 
London, W.C. 


PONCRETE BOOKS at GREAT REDUC- 

« TIONS.^New Books at 25 per cent, discount. 
Books on Concrete. Engineering. Building Construction, 
Technical and all other subjects supplied. Sent on Ap- 
proval. State wants. Send for Lists. Book* purchased. — 
W.& G. Foyle. 121 Charing CrossRoad, London. W.C. 


W ANTED. CEMENT CONSULTANT. 

A Cement Manufacturer willing to take a seat on 
the Board of Directors preferred.— Address. Pox No. 149. 
Concrete & Constructional Engineering, N* rth 
British & Mercantile Building, Waterloo Place, Pall 
Mall. S.W. 


BRITISH IMPROVED CONSTRUCTION CO 


Telephone: 4067 Victoria. 


Telegrams: " Biconcrete. Vic, London. 


« B I C 

47 VICTORIA STREET, WESTMINSTER, S.W 


Manufacturers of all kinds of 

Concrete Constructional Materials 

^Mn or Bdnferced) 

- Include PIPES, PARTITION AND PAVING 
slabs, sleepers, STANDARDS & POWER 
\ BEAMS 

etc., etc., ■ 

'-.'Pk O C E S S. 


1Z)e5igni carried out to , order 
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A CHEF D’OEUVRE OF 

REINFORCED CONCRETE 
ON THE KAHN SYSTEM 

THE TRUSSED CONCRETE STEEL CO., Ltd. 



THE LARGEST REINFORCED CONCRETE DOME IN 
THE WORLD. CONSTRUCTED ON THE KAHN SYSTEM 

Apart from steel-constructed domes, tUs dome is only surpassed in 
span by that ot the Pantheon, which is 142 ft., and of St. Peter’s, 
Rome, which is 137 it The Melbourne dome illustrated above 
covers an octagon, and the span between opposing inside faces of 
temion band is 124 ft. ' 6 in., St Sophia at Constantinople being 
lOS and St. Paul^ 102 ft The Melbourne dome is, however, 
the Iwgest Reinfimsed Omcrete dome, and was carried out to the 
sdeeq^ ^ the Ttmsed Concrete Steel Co., Ltd., of Caxtmi House, 
fremplhMbny who ':4eeth the. Ctnisilhiai Engineers for this part 
lif the wo^ The top of 

the reading-room floor. 

itt'''i^lte:tX»|CREtE :STEEL^ CO, Ud. 

^■WPsVMimotpp.:. S.W. 
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EDITORIAL NOTES. 

BUILDING TRADES EXHIBITION. 

For all interested in building construction and structural engineering, the event 
•bf last month has certainly been the great Building Trades Exhibition at 
Olympia, which has been eminently interesting and again indicated what fore- 
thought, careful organisation, and a definite purpose can achieve in exhibition 
management. 

In one or two directions, however, we should like to make some sugges- 
tions. First of all, having regard to the dearth of new inventions or so-called 
•novelties in the Exhibition, it might be advisable to hold the Exhibition only 
once in three years or every four years. We believe that many of the exhibitors 
would be quite prepared to even pay a higher rate for their space if a somewhat 
longer interval intervened, and both the visitors and the exhibitors would 
probably appreciate the change, which need not mean any great pecuniary loss 
to the Exhibition management if the space rates are proportionately raised. 

Secondly, we think the management should rather discourage large paint 
exhibits, which, however handsome in themselves and at this particular Exhibi- 
tion quite exceptionally beautiful in certain cases, are in reality rather 
monotonous and uninteresting; and as the management is in that excellent 
position of being able to pick and choose its exhibitors, it might be better to 
allot more space to the really interesting exhibits and give these displays of 
paint work a lesser superficial area. 

Thirdly, regarding the general characteristics of the Exhibition, we fully 
realise the difficulty of enforcing regulations as to the character of the Exhibition 
stands, and the absence of onerous regulations cum competition has certainly 
led to a vast improvement in the stalls ; but we certainly think there should be 
a limit of height both as to minimum and maximum. There was one very 
handsome exhibit housed in a half-limber house near the main entrance that 
largely spoilt the vista of the whole ; and, on the other hand, there were certain 
exhibits on island sites which were not sufficiently pretentious and rather spoilt 
some of the principal points, to which more prominence should have been given. 

Another suggestion that would make for more prolonged visits by the 
older and perhaps more influential visitors, on whose specification the exhibitors 
largely depend, is the provision of ample chairs and seating accommodation on 
the main floor of the building. There was J^e attempt at tWs in the annexe, 

I By * 9[7 



BUtLDlSG TRADES EXHIBITION. 


but it should be remembered that many of the class of visitors who are really 
useful to the Exhibition have a distaste for sitting in tea or refreshment rooms 
and yet find a prolonged visit to the Exhibition too tiring without the facility 
for rest at intervals. Exhibitors themselves would also do well to have a more 
ample provision of chairs on their stalls if they wish to explain their systems and 
specialities at leisure to some of the older members of professions primarily 
concerned. 

As far as the purely structural exhibits are concerned — Le., steel frame 
construction, concrete and fire-resisting construction, other than brickw^ork — 
we were somewhat disappointed at the rather limited number of exhibits in 
this particular section, and we all too fully realised that the concrete or 
reinforced industry had not made proper use of the very excellent opportunity 
afforded it, which we think to the detriment of its advancement. We have 
inquired very carefully into the reasons for this, and have come to the conclusion 
that this is partly due to the difficulty of obtaining suitable space for substantial 
displays, and, above all, to the limited time available for the preparation of. 
exhibits of a structural character; and we thus venture to suggest whether the 
time has not arrived for arranging for outdoor exhibits, for which suitable space 
could be devised under temporary shelters both in front of the main facade and 
at the side. 

We trust this matter may have the careful consideration of those interested 
in the subject, for we believe it would be eminently beneficial to those industries 
in which this journal is primarily interested if outdoor exhibits could be arranged 
for. 

With the Exhibition itself we deal in a special article, and in conclusion we 
w^ould again congratulate the principal organiser thereof, Mr. H. G. Montgomery, 
J.P., for the really model lines on which the work is organised and conducted. 

THE IMPENDING INTERNATIONAL ROAD CONGRESS. 

We should like to take this opportunity of reminding our readers of the 
International Road Congress which is to take place in London in June 
(June 23rd to 28th), inasmuch as the problem of utilising concrete and reinforced 
concrete in road construction is a matter w^hich is coming largely to the front 
and is finding experienced advocates both in the United States and on the 
Continent of Europe. 

We have the unfortunate name at present in this country of lagging behind 
in matters relating to the careful consideration of the uses of concrete and 
reinforced concrete, and it might be well if, for once, an exception were made 
by us in faking the lead in the matter of investigation and research as to the use 
of concrete in road construction, seeing that there is no country where roads 
could be more economically and practically constructed of concrete thap in 
:En|:land> and that tliiis type of road is particularly suitable for our increasing 
'inotor traffic* - 
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By ALBERT LAKEMAN. 


The buUdina here described is mainly ofsfeei, ana reinforcea concrete onlv plays a minor 
part in the work, bat there are many features of particular interest in the constructton,—ED, 

This important building has been erected from the designs of Messrs. J. S. 
Gibson, Skipwith & Gordon, on the site of the old Guildhall, close to West- 
minster Abbey, and it has an area of about 17,150 sq. ft., with a frontage of 
102 ft. to Broad Sanctuary, facing the* Abbey, and ifx) ft. to Little George 
Street; while practically all the offices are lighted from the adjoining streets, as 
the site is an island one. The southern portion of the site has been covered for 



Fig 1. View showiog Steel Construction. 
The Middlesex Guildhall. 


several centuries by buildings devoted to the administraition of justice, and in 
the new building it was absolutely essential to provide accomniiodatioin for the 
work of the Quarter Sessions of Middlesex, in addition to the chambers and 
offices necessary for carrying on the business of the Middlesex County Council, 
and the fact obviously governed the planning and design. The old Courts of 
Justice, which were demolished for the execution of the new building, were buUt 
towards- the end of the eighteenth century, and the offices for the Middlescsi 
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County Council were erected about seventeen years ago, but 

of the whole of the building was necessary owing to the large increase in .the 









THE MIDDLESEX GUILDHALL 

tors, who exposed a heavy rubble concrete raft, which 
appears to have been the foundation of the isolated belfry of 
the Abbey, erected about 1249-1253 and destroyed about 
1760. This old belfry took the form of a stone lower, which 
was 60 ft. high, and finished with a leaded spire. The raft 
was about 80 ft. by 70 ft. in area and 5 ft. thick, and, curious 
to relate, was carried on elm and beech piles closely spaced 
and about 10 ft. long, although the soil below the raft was a 
very good ballast. 

The new building is five storeys in height, giv-ing a 
dimension of 50 ft. from the pavement level to the top of the 
main external walls, w'hile the top of the parapet of the tower 
is 108 ft. above the same level. *A basement ^oor is con- 
structed below the pavement, and the greater part of this is 
allcx:ated to the Prison Department, there being about 100 
cells with accommodation for warders and w^ardresses and 
police, and also several witness rooms. The remainder of the 
floor is occupied by the heating and ventilation chambers, and 
the numerous record rooms, w hich are brick-vaulted and con- 
structed with due regard to the safe storage of the valuable 
records belonging to the County Council. 

The ground floor is utilised for the courts, of which there 
is a large one situated in the centre of the building, entered 
directly from the large vestibule and lighted from two internal 
areas; and a smaller one situated at the north end of the 
building ; both these courts extending through the height of 
two floors. In addition to these courts there arc offices and 
piivate rooms for members. The first floor is devoted to 
committee and private rooms, and on the second floor the 
c'ouncil chamber is planned to come over the larger court 
mentioned on the ground floor, and this council chamber 
provides accommodation for about 1 10 members and officials. 
A large anle-room is situated on the eiist side of the council 
chamber, and the remainder of the floor and also the third 
floor is given up to offices. The whole of the elevations arc 
in Portland stone, and they have been designed in the Gothic 
style, which is in harmony with the environment of the 
building. The composition and detail of the building is very 
successful, and the towtr — ^which is an important feature in 
the design — is happily proportioned, and adds additional 
interest to the scheme. 

The construction of the building is executed generally 
with steel weight-carrying members, with floor panels of tile 
and reinforced concrete ; while the foundation to the tower is 
formed with a reinforced concrete raft, 3 ft. thick, designed 
by the Trussed Concrete Steel Co., on the Kahn system 
This raft carries the six stanchions which support the tower, 
the load from which, including floor loads, amounts to about 
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1, 800 tons, and this was distributed over sufficient area to give a pressure on 
the soil not exceeding two tons per foot super. The reinforcement generally 
consisted of i>in. Rib bars. 




Is i^usti^ted in Fig, a, wHch shows the steelwork 
, £»ehertdly' speaking, theiends of the main beams are 
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carried by piers Avherc they come against the external walls, and stanchions and 
columns are only employed in the interior of the building. A large number of 
compound girders were used, and these were built up with rolled steel joists and 



Fifi. 5. View showing Floor in Course of Construction. 



Fig 6. View showing Completed Floor. 
The Middlesex Guildhall. 


plates, to give as shallow a section as possible. There were no exceptional 
spans or loads, owing to the straightforward plan, the longest span on the 
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drawing illustrated being about 24 ft., and the largest compound girder 27 in. 
by 18 in. over all. In the interior of the building columns and stanchions were 
used, and the latter are of the compound type, built up with rolled steel sections 
and plates, these in some, cases resting on small grillage foundations, which 
were carried by the reinforced concrete raft. 

The floor panels are constructed on the patent “ Bigspan ” system by 
Messrs. Diespeker, and these are calculated to carry a superimposed load of 



Fig. 7. Section. 

Thb Middlesex Guildhall. 


per sq.= ft. A section showing this type of floor is given in the illustra- 
and It wHI $^n that hollow tiles are used, these being about 
and 6Jh. These tiles are temporarily supported on planks 

tihe ,con$^ and the sides of same form the centering 

which are nbout 2 in. wide, with one rod on the 
of the span, and in addition one bar on the upper 






THE MIDDLESEX GUILDHALL. 


surface to provide continuity where adjacent to the main steel beams. The bars 
arc kept in position during concreting by the steel clips which pass round the 
remforcement and are bent down at the top ends to rest on the tiles, as shown, 
these also giving provision against shear. About 2J in. of concrete ds placed on 
top of the tiles, giving a total thickness to the floor of in. The photographic 
views show the floor construction during progress, and some of the bays have 
a width of 16 ft., thus showing the possibilities of this system, which is light 
and eminently fire-resisting. The roof construction is executed generally with 
a shaped frame, built up with rolled steel joists, which can hardly be desig- 
nated as an ordinary roof truss; but the roof over the Council Chamber is 
carried by two steel trusses, which have a span of 37 ft. 6 in., and these support 
5-in. by 3-in. rolled steel purlins at 3-ft. centres. These purlins carry the 
concrete slabs, which in turn are covered with slating. The trusses have a 
principal rafter formed of two 6-in. by 34“in. by J-in. angles, while the ties and 
struts are formed with two 2j-in. by 2j-in. by f-in. angles. The ties have a rise 
^of 6 ft. 3 in. at the centre of the span, and these arc built up with two 6-in. by 
3-in. by J-in. angles. The adoption of the method mentioned for the roofs 
generally allowed practically the whole 0/ the space within the sloping portions to 
be utilised for rooms, which would not have been possible with ordinary roof 
trusses. 

The building is heated on the vacuum steam system, and the courts, council 
chamber, committee and ante-rooms arc ventilated and healed on a Plenum 
system. There are two drainage systems, the rain water being dealt with at 
the basement ceiling level and carried directly to the sewer ; while the soil and 
waste water drains are carried to a pneumatic ejector which raises the drainage 
from the low level to a suificient height to discharge it into the sewer. The 
general contractor for the work w^as Mr. James Carmichael, and the steelwork 
was executed by Messrs. Redpath, Brown & Co. The floors were carried out by 
Messrs. Diespeker, and the reinforced concrete raft by the Trussed Concrete 
Steel Co. 
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REINFORCED CONCRETE 
BEAMS. 

ON THE RESISTANCE OF BEAMS 
SUBJECTED TO FLEXURE. 

(1) SOLID RECTANGULAR BEAMS— 
SUPPORTED ENDS FREE. 


T 


By ALFRED FYSON. M.Intt.C.E. 

The following is the first of three srttcles prepared by the Author, on the 
above sabfect, and should claim the attention of all interested,^ED> 

Introduction, 

The method employed for determining the moment of resistance of a reinforced ctmerette 
beam which now finds mast favour with writers on the subject, and one also which 
appears to be most gemerally practised in constructional work, is the simple one of 
supposing all internal longitudinal tension to be resisted, by the reinforcement, the value 
of the concrete for such strt*iss being ignored. One of the reasons for thus neglecting 
the tensional value of the concrete is the striving after so-called “ simplicity a.nother 
reason is due to the little knowledge possessed as to its behavicAir at comparatively 
small strains, and a total lack of knowledge as to its behaviour at great strains. 

The fact that an important element of a beam is thus theoretically eliminated whilst 
it is of necessity physically retained, precludes any possibility of rational or scientific 
treatment, as the premises on which such treatment is to be based must be» more or 
less false. 

Instead of there being produced some rational theory founded on exact principles for 
determining the value of the moment of resistance, there arc substituted certain assumed 
conditions which are made to serve as bases for the arithmetical com^jutation for such 
purpose. 

Some of those assumed conditions are as follows : — 

“ The modulus of elasticity is supposed to be constant for both compression and 
tension in the same material ; consequently the stress is directly proportional to the 
strain.” 

” The value of the tensional resistance of concrete being considered comparatively 
small, all such resistance is supposed to be taken up by the reinforcement ; consequently 
the position of the neutral axis must be determined solely by the value of the concrete 
in compression and that of the reinforcement in tension.” 

” The theory of * the conservation of plane surfaces ’ is to be observed ; consequently 
all internal strain is uniformly varying.” 

Now, with the exception of. the last condition — ^and with respect to that it must not 
be inferred that all internal stress is uniformly varying— the others as set forth and their 
corollaries are not strictly true for small stresses and strains, and are not even approxi- 
mately true for xnaxiffia limits usually adopted in practice. But it is claimed for such 

similar condition® arising; from them, that whatever departure from accuracy they 
^ wltatevor l^liqgs they niiay posisess separately or combined, errors due 
be in dao ha^re of estoess of strength beyond that demanded. 

'irie^ such claim, the following -investigations have been 

of elasticity and flexure as generally 
l^iajs wU! form the basis for rigorous mathematical 
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’treatment. Equations will be deduced for the method which excludes the value of the 
concrete in tension ; other equations will be proposed for the method which includes the 
value of the concrete in tension. A beam of some definite dimensions will be calculated 
by both methods, and the resultinfj numerical details will furnish practical meanis for 
comparing them. 

In order to distinguish herein between these two diverse methods, that which 
excludes the value of the concrete in tension will be termed a theory of “ Partial 
exclusion,” and that which includes the value of that material in tension will be termed 
a theory of “ Complete inclusion the terms “ exclusion ” and “ inclusion ” having 
reference to the horizontal components of the internal resisting forces. The principal 
explanatory data and symbols to be employed arc as follows : — 

All linear dimensions are in inches. 

All loads in lbs., and stresses in lbs. per sq. inch. 

All strains are in fractions of one inch, or proportum of the length involved. 

Generally the subfix q designates the symbol as afifecUd by compression. 

J3, H = 'respectively the breadth and depth overall of a beam. 

2) = depth from compression surface of beam to the axis of reinforcement. 
y =effcctive dej>th of concrete, /.<?., its unruptured depth. 

/'Of Fo = somc desired or ix'rmissible unit stress on the concrete in compression. 
F =unit stress in tension on the coniTcte at its extreme outer surface. 

Fh, fg — some pormissible or deduced unit stress on the reinforcement. 

specified or actual modulus of elasticity for c'onerete in com- 
pression. 

Es = 'the modulus of elasticity of the metal constituting the reinforcement. 
do Vo ho = positions of the neutral axis of a beam with respect to the extreme 
outer compression surface. 

d,v,h = positions of the neutral axis of a beam with respect to the axis of 
reinforcement. 

Mr Mr M'R = moments of resistance of a section as allocated herein. 
as ='the sectional area of the reinforcement. 

0 -^ =ithe ‘‘ elastic ” strain for compression on the concrete due respectively 
to Fo and Fq. 

\ Xt = the ” elastic ” strain for tension on the concrete at its exterior surface. 

Tf v' = 1 , If ff tension on the metal constituting the rein- 

forcement. 

Other symbols, etc., will be found duly sot forth as occasion may demand them. 
With resi>ect to the symbols d, do ; v, Vo; h, ho ; those under d refer to beams in which 
the tension on the concrete is entirely neglected ; those under v refer to beams in which 
the concrete is capable of resisting, and is supposed to resist, tension over some par- 
ticular depth as defined by V; those under h refer to beams in which the concrete 
remains, sound and unimpaired between the extreme upper and lower surfaces of a 
beam, the depth over all of the concrete thus becoming available for purposes of 
internal resistance. 

By the term ” strain,” which will be frequently used in these investigations, is to 
be understood the longitudinal alteration of length due to force acting in the same 
direction; and by “ stress ” is meant. the intensity of the internal resistance offered to 
such force. 

The Theory of Resistaace to Flexure 

The generally accepted hyfjothesis respecting the theory of the internal resistance of 
a beam at a section as due to flexure may be briefly considered in the following 

manner : — , ♦ - 

I!et Fig. I represent part of the side of a rectangular beam of uniforirt' sectioUt 
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loaded in such manner that it is bent downwards, so that a constant bending moment 
exists throughout its length ; thus only the action of the horizontal stresses and their 
corresponding strains will have to be considered. Let the moment of resistance of* all 
the internal forces at the section a on the vertical line F V required. Assume an 
elementary strip bounded by the planes Y Y^ and Z Zq, its depth and breadth being ot 
the same dimensions as for the beam, and its length unity, or, say, i inch. 

Flexure causes the top of the beam to become compressed and the bottom to become 
extended, therefore the elementary strip is shortened some amount at one extremity 
and lengthened an amount \r at the other extremity of its depth. 

Join the two points bo and h, so found by the straight line bob representing the 
side of a plane surface through the beam. The original section a a ^on the line Y Y „ 
has gone through an angular movement and has shifted to the position bob, the only 
point which has not moved being at O, where the two sections cut each other; this point 
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FIG.I 

O i:s at the neutral axis of the section a a„. It will be noticed that the inclined line 
bo b has, by construction, been made a straight line; this is in conformity with what 
is termed “ Tlie theory of the conservation of plane sections,” the me^ining being that 
an originally plane section before bending remains plane during and after bending. 
Such a theory, however, can only be supposed to apply to materials which are |>erfectly 
elastic or in which the ” set ” has been eliminated or is so small that it need not be 
considered, and in such sense only will it be accepted in these investigations. 

The actual longitudinal strains now imposed on the elementary strips between 
Y Yo and Z Zo are indicated by the ordinates of the two triangles the perpendiculars of 
which are represented by the lengths and V. Corresponding with these strains 
are their stresses or internal resisting forces, and these — including the “ tension ” 
resistance of the reinforcement due to the extension v — do not vary in the same manner 
as the strains, but only in accordance with the relation between stress and strain for 
the particular materials employed, and that relation is never in direct proportion for any 
elastic substance. Within certain low but varying limits, however, the relation between 
stress and strain is generally assumed to be in nearly direct proportion for most materials 
of construction, and such proportion is generally known as Hooke’s law. In order to 
define the exact position of the point O in the line Y Yo sl condition of internal static 
efjmitjibnuin mpst be observed. Supposing the inta-nal resisting forces or stresses of 
tiension td he r^esented algebraically as of opposite signs, that con- 
thus r the sUhi of the stresses must equal nothing. This, according 
tHatjthe streiies and tension due to the strains of 

1 ki the two triangles bounded by the planes a Uo and 

^ 
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’ From the point O draw in opposite directions the straight lines OX, OX^, each 
normal to the line Y Y„ ; the line X^OX becomes a side of the plane of the neutral axis 
of the beam, its depth from tlie top of beam being designated by the symbol 

The moment of resistance at the section a is found by adding together the 
products of all the internal normal forces and the distances of their respective centres 
of resistance from the neutral axis at O, 

Mathematical Determination of the Moment of Resistance. 

In the diagram Fig. 2 let X^OX be the axis of strains, and VOy,, that of stresses, 
and suppose Ob^h^o to be a compression stress-strain curve for the concrete composing 
the beam. The part of the diagram above the axis X^OX is to be allotted to compres- 
sion and that below it to tension. In the first instance the concrete will be considered 
separately without reference to the reinforcement, and in all cases of strain it is to be 



Let ffrhe the measure of strain or the shortening of an elementary strip due to some 
particular or desired stress Fo in compression. Let the distance aobo as an ordinate to 
the curve O6060, denote through «o and bo draw a line parallel to XoOX and pro- 
long it in each direction. That line may be assumed to represent the top of the beam 
shown in Fig. /, and the distance Ouo may be assumed to represent its depth for the 
part in compression. From the point bo draw a straight line through O and prolong it 
into the part of the diagram allotted to tension to some point b. The straight line boOb 
is supposed to illustrate the “ Theory of the Conservation of Plane Sections.” Through 
b draw a line parallel to XoOX, cutting the axis YOYo in the point a; that line, 
prolonged in each direction, may be assumed to represent the bottom of the beam 
Fig /, and the distance Oa the depth of the part in tension. The measure of strain 
the extension ab of the elementary strip is denoted by which is a known or 
measurable quantity. With Oa as axis of stresses, Construct the tension stress*^iBin 
curve Oh'6 for the concrete composing the beam, so that it passes through the 0 lnt h 
already given, the point O being the origin. The ordinates to the stress-strain 
Ob"b and Obobo must be drawn to the same scale, bnt owing to the fact thsi. the lard 
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curves are never exactly alike for the same material, the scales for the tension and 
compression stresses on the axis YOYo cannot be the same, but it is not necessary to 
consider here their relative proportions, as the diagram is only intended for practical 
illustration. 

The effect of Flexure is to cause alterations of form in the stress-strain curves ; 
thus the curve Ob^J)o moves up to and coincides with the straight line Obo, and the 
curve Ob'h moves up to and coincides with the straight line Oh : the curves of strains 
now become straight lines, and their corresponding stresses can be graphically repre- 
sented as shown by the curves OcoCo and Or'c. 

The following method of plotting the curves of stresses on the bases Oa„ and Oa 
may be found instructive ; — Take, for instance, the compression stress curve OcqCo — 
At some stress fo on Oao, the corresponding strain on the curve Obobo is «■. When 
the curve Obobo coincides with the straight line Obo the strain o- becomes augmented 
by an amount o-' — the difference between the ordinate to the straight line and that to 
the curve at and these two strains correspond with the stress fo and the 
augmentation fo due to This new stress fo+fo being plotted as an ordinate to a 
curve at fo on the base Oao determines a point in the required curve of stresses ; other 
points being found in a similar manner and joined, the complete curve of stresses * 
OcoCo is formed. The tension stress curve Oc'c on the base Oa can be delineated in a 
similar manner to that just shown for compression. Now if the point b has been 
correctly chosen on the tension stress-strain curve, the sum *of the stresses within the 
figure Occa will be equal to the sum of those within the figure OcoCoaot and the 
condition of internal static equilibrium will be observed ; in such case the position of 
the plane of the neutral axis in the beam will be defined by the relation that Oao bears 
to Oa each as a linear dimension, and not by the relation that Fo bears to F as stresses. 

It will now be convenient to substitute for some of the symbols in Fig, 2 others 
which have S|>ecial reference to the physical propwtions and nec'essary details connected 
with the proposed beam which will come under consideration. 

In general construction, let Fig. 3 (See page 313) be similar to Fig. 2, with the 
addition of the reinforcement which is now to be included. 

The total depth of the beam is 11 , and the depth from its .top to the axis of rein- 
forcement is D, which is the sum of two parts; v, the distance from the axis of rein- 
forcement to the neutral axis, and I’o, th^ distance from the neutral axis to the top of 
the beam. 

The vertical distance V is the depth from the top of the beam to the point in the 
mass of concrete which is effective for purposes of horizontal resistance'. Thus, if a 
crack or other similar defect appeared (as shown in the diagram), the depth or vertical 
extant of such rupture or defect, H~-V = q, would be ineffective, and only the d!et>th, 
F— Vo — w, would be effective for purjDOscs of calculating the resistance of the concrete 
due to tension. 


Theory of Complete laclueion.*'— Derivation of the Bquations, 

The equations now to be proposed will mainly be based on some desired stress, 
compression ; they will also depend on the depth, Vo, of the “ compression part 
of ^ concrete, the effective depth, F, of the concrete, the depth, i), of the reinforoe*- 
tineni below the top of the beam, and the rdations* between stress and strain in the 
concrete. ' 

, . j / SQ as to determine the moment of resistance 

K p* various conditions appertaining to 

ich of the concrete is utilised, and to this end means 

4 tile teliti^ between stress, strain, and their connections 

define tht precise relation between 
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stress and strain for any natural material has yet to be promulgated ; but one which 
will, within certain limits, deifine such relation with fair accuracy is that which is 
generally termed an exponential form of equation, as follows ; — 

1 J 

®’ = for compression and \—KJ^ for ten -ion, 

where nt, n, C and K are coefficients to be determined by the particular nature of the 
material under consideration. 

Such equations, which have already been used by some Contineintal writers, do not 
and cannot be made to express accurately any stress-strain curve throughout its entire 
range, to whatever degree of refinement the exponents m and n, or the coefficients C and 
K may be chosen ; but beyond low stresses and strains and up to the ordinary working 
values usually obtaining in practice, they, can be made to give results which will agree 
very well with those derived from experimental tests. 

In Fig. 3 the curve OcoCo represents the “compression’* stresses acting on the 
depth Uo, some definite stress Fo being a known limit. Any other stress fo at the 
distance yo from the axis XqOX can be found in terms of Fo from the following 
expression: (1) 

'Vo' 

Thus when yo is equal to Vo then fo becomes Fo. 

The direct relation between stress and strain is thus expressed. 

/-©”! 

/<r\wi (2) 

whence 1 

The stresses in tension on the concrete; are represented by the curve Oe'e, and the 
depth over which those stresses extend is denoted by m. In fhe first instance, the 
concrete will be supposed to be sound from top to bottom, and therefore effective for 
tension from the neutral axis to the bottom of the beam, so that q = o and 
Any stress / at the distance y from the axis XqOX can be found in terms of F from the 
following expression : — (3) 

The direct relation between stress and strain is thus expressed : — 

1 ( 4 ) 

whence 

The numerical equivalents of the eiX{X>nents m and n and of the coefficients C and 
K may be any positive quantities, whole or fractional, which will best suit the purpose 
for wffiich they are required. 

Hitherto the relation between stress and strain has been represented by a curve 
called the stress-strain curve, but within certain limits such relation may be expressed 
by a numerical constant termed the “ coefficient ” or “ modulus ** of elasticity. This 
modulus is often practically stated in a very vague manner, so that in one case it may 
be due to the “ total ” alteration of length of a test-pieoo, resulting from the direct 
action of a known stress or force ; in another case it may be due to the “ elastic altera- 
tion of such length from a similar cause ; and in yet others it may be due to some 
alteration of length between those two extremes. In reality only the “ elastic ” change 
of length ought to be understoodi and in such sense it will be employed here. For 
materials in which the modulus of elasticity-— it is sometimes not improperly called the 
modulus of stiffness—is approximately a numerical constant such a method of epm^ 
bining the relation between stress and strain has considerable advanta^ Un- 
fortunately, however, so far as exact science is concerned, the coefficient of elasticity is 
never a constant for any material; but for practical purposes it is generally asi^ymed. 

3M 


whence 
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that rto great error Js committed by supposing it — usually denoted by the letter E — to be 
a numerical constant up to some fairly well^ehned limit of, stress, and differing in 
value only with the differing material it is supposed to represent. The coefficient express- 
ing this modulus of elasticity is stated thus by Rankine : — 

^ -- 1 

longitudinal pliability, ^ ’ 

In some metals — especially iron and steel — the stress and strain vary in nearly 
direct proportion almost up to the limits of ordinary working stresses, and such propor- 
tion of uniformly varying stress will be accepted here. Thus for steel, which metal will 
constitute the reintforoement, the a>efficient stated in lbs. i>er sq. in. is — 


Es-- ^ 


( 5 ) 


In (5) the modulus of elasticity is found in terms of and 77, /, being the 
intensity of stress to be here computed at lbs. per sq. in., and 17 the alteration in length 
due to that stress on a prism of the metal originally i in. in length. The result of all 
the internal forces acting in combination at the section aa„ Fig. 3 — giving the moment 
of resistance at that section — is thus determined. 

The forces in compression, comprised within the area OcoCodo E'ig. 3, are to be 
denoted by A o» • 

The forces in tension on the concrete within the area Oc'ca are to be denoted 
by . 

The forces in tension, due to the extension 17 of the reinforcement, are to be denoted 
by Ag. 

It is necessary to determine the exact position of the neutral axis at O in the section 

aa0. 

The condition with respect to the equality of the forces on either side of this point 
has already been laid down, and in symbols is as follows ; — 

Ao=^A-VAs ( 6 ) 

The forces in (6) are to be separately determined, the breadth B of the section being now 
included in the equations where necessary : — 

The forces in compression A„^or the product of the area OcoCoao and B : 


Substituting for / its value in (i) — 

__ BF 

Vo^ 


o—Bjfo ^yo 

p r'o = ^o 

J = o 


BFoV o 
n+m) fo”* 


Makii)gjfo=t;o Then.<o=-^^" 


(ii) 


(iii) 


( 7 ) 


1 +m 

The forces in tension A^n the concrete only— or the product of the area Oc'ca 
and B ^ 

A^B/fdv (iv) 


Sul^tuting for / iu Valjue in ( 3 )— 


r 

Bjfly 

J 





<v) 


(vl) 


It Is 8 JcAown qudn^ty ; but the unit stress cX the 
jfoft it must be put in t <^8 which ar« or can be 
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In Fig. 3 the triangles Ob a and Oboao are similar, therefore the following ratio 
holds : — ; ffT : v© (vii) 

whehce Xt=:- (viii) 


Substituting this value for \r in equation (4), it is found that — 
In (vi) let F be substituted for its value in (ix) ; 


Then 




1 


(x) 


But M is a quantity not depending on H, the total depth of concrete, but bn the 
depth of concrete capable of resisting tension — determined by the extent the material 



is weakened by a crack or similar loss of cohesion, indicated in Fig. 3 and defined there 

by y— Vo. 

Then u = V'-Vo W) 

Substituting this value of u in (x) and reducing — 


Then 


1 +n 




( 8 ) 


The forces in tension — Ag — in the reinforcement, due to the extension v and the 
sectional area ag of the metel : — 

Ag=agf (xii) 

In (xii) either dg or fg may be supposed known. 

In this instance, let dg, the sectional area of the reinforcement be known. Actord- 
ing to Fig. 3, the metal has extended an amount v, due to flexure of the beam, and from 
geometrical consid^ations the following ratio must told — ^the reinforcement being 
supposed to run normal to the, vertical section/ra©:— 

V^t 

Vo 


whence 


(xiii) 

(xiv) 
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From (5) it is found that n 
Equating these two values of ri, 




then (xv)* 

Vo 

Substituting this value of in (xii) it is found that — 

(xvi) 

Vo 

Or, as D—Vq, it will be found convenient to express (xvi) thus — 

(9) 

\vo / 

To determine the position of the plane of the neutral axis through the point O, 

Pig- 3- 

Collecting the terms on the right-hand sides of equations (7), (8), and (9) and 
equating them so as to conform with those in (6), the j>osition of the point O may be 
found by solving the following equation for Vo 

WI) 

l-rm \vo / 'Vo ' 

As the stress Fo ?ind its corresponding strain ffr are both known, it may be coi*- 
venient to employ a coefficient of elasticity for the concrete in compression for such 
strictly defined stress and strain and introduce it into the equations. 

Thus let Ec represent such coefficient of elasticity.’ 

Then and therefore = ^ (10) 

(Tt he 

In (xvii) for o-t substitute its value in (10) and reduce; then — 

»■> 

This equation (ii) cannot always be solved algebraically, but if numerical values 
are substituted for their corresponding symbols, then Vo, which defines the position of 
the neutral axis, can be determined to any recjuired degree of approximation by some 
known method for such purpose. 

The position of the plane of the neutral axis through O, Fig. 3, having been found, 
the moments of all the forces al>out that axis which are acting at the section aa„ can 
now be determined. 

Let Mo M and Ms represent the moments about the neutral axis respectively of 
the resisting forces of compression in the concrete, of tension in the concrete, and of 
tension in the reinforcement, and let Mp, the sum of all those moments, represent the 
total internal resistance at tho section, thus — 

Mr^Mo-^M+Ms ( 12 ) 

The moment of resistance of each set of forces may be determ intnl by taking the 
product of its value, as previously found, and the distance of its centre of resistance from 
the neutral axis. 

P'or Me, the moment of resistance of the concrete in compression. 

Mo‘‘BI fayoiyo (xviii) 

Proc^ing in a manner similar to that shown for finding A., 


’Mi’ 

inf'**''''''’ ' 




(13) 
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REINFORCED CONCRETE BEAMS. 


For M, the moment of resistance of the concrete in tension. 

ry-u 

M=Bl/yfy 


^sf/yi: 

J y— o 

0 that sh< 

„ BP’/”' . BFy2+« 
^^unjyyy=(2+;i)un 


Proceeding in a manner similar to that shown for finding A 


Making y = u. Then M = 


BFu2 
2 + n 


(xx) 


(xxi) 


(xxii) 


For reasons already given with resi>ect to the value of F, let the terms on the right- 
hand side of equation (ix) be substitutc*d for that symbol in (xxii). 

2 + n\Kvo/ 

} 


Then 


But w= V—Vo and<rT = ^. 

Fc 


I By equations (xi) and (10) | 


Introducing those terms into (xxiii) and reducing, it is found that — 
B ( Fq Y . ./F .\2+n 


M-- 


2-i~n\KE, 




(14) 


For Mg, the moment of resistance of the reinforcement in tension. 

Ms = AsV (xxiv) 

Substituting for As in (xxiv) its value as given in (xvi) and remembering that 


v = D-Vo. 




OsBs^t {D VqY 


Vo 


(xxv) 


Substituting for its value, ns previously found, and reducing. 

Then = 1 (15) 

Ec ' 

For M/j the total moment of resistance at the section. 

Collecting th<‘ terms im the right-hand sides of equations (13), (14), and (15) and 
equating them so as to conform with those in (12), then the total moment of resistance 
at the given section is found to be — 

With resi)eet to the value of the moment of resistance generally, it is, of course, undcr- 
sUwd that it must lx*- at least equal to the bending moment. 

Other functions, the numerical equivalents of which ‘will be required, are as 
follows, and they can be deduced from the equations set against them : — 

The extension of the concrete at the bottom of the beam \r from (viii) 

The unit stress on the concrete in tension due to ^T F „ (4) 

The extension of the reinforcement „ (xiv) 

The unit stress on the reinforcement „ (5) 

From the foregoing equations the moment of resistance of a reinforced concrete 
beam can be determined for any description of concrete or metal reinforcement employed, 
provided the respective relations between stress and strain are correctly obtained. 

The general principles on which those equations are based include the value of the 
concrete in tension ; they are framed in conformity with the laws of elasticity as usually 
accepted, and the main conditions on which the theory of flexure are based accord with 
the teachings of eminent authorities on the subject. 

Let it be assumed then that results derived from those equations may be considered 
— at all events for present purposes — as being close approximations to practical and 
theoretical accuracy. 

(To be continued.) 
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THE BUILDING 
TRADES 
EXHIBITION, 
OLYMPIA 

The Building Trades Exhibition 
•which took place at Olympia last 
month vias highly instructive and 
Interesting, and, although no remark- 
able changes have taken place in build- 
ing methods during the tv)o years 
which have elapsed since the previous 
ezhibiiion, a certain development can 
be observed in the details relating to 
fire-resisting construction, — ED. 


Tins exhibition prcsen'ls a unique opportunity to all those interested in the building 
trade, both professional and practical, for studying numerous points in connection 
with design and construction, which possibly they have never met with in practice, and 
almost unconsciously they learn much which is useful, and at a later date, when dealing 
with a new problem, lake advantage of some material or method that first attracted 
their attention at Olympia. 

There is much to be said for these exhibitions; for example, the advantages of any 
particular system can be so readily understood when explained by a competent 
person ; further, the architect and the specialist are brought in touch with one another 
in a manner which is only possible on such occasions, while the systematic records of the 
exhibits cannot fail to tic interesting, as they indicate the progress of the science of 
building, which is a fascinating subject, even to those whose daily occupation does not 
compel them to deal with these matters. 

CEM£NT. 


The value of this material in building work has become so great, owing to the 
extensive use of reinforced concrete, that it is impossible to lay too much stress on the 
Importance of studying the methods and products of .the largest producers of Portland 
oemenit in this country, and on the stand of the Associated Poailand Cement Maau- 
l^etUfers (1900) Ltdm (No. 120 , row F) there was mudh of interest. The stand 
itself is worthy of special memtioni, it being of pleasing design and well proportioned, 
as tyill be seen on reference to the photographic view here shown. The interior was 
treated with old oak panelled walls and timbered ceilings with large oak 
beams dividing the latter into three hays, with an ingle nook containing the oJd- 
faj^ioned fireplaoe at one end. The effect of this treatment was very cosy, and 
caused; one, to linger for some time before passing out again into the noise 
of the exhibition. The eodiibits of the company were excellent and varied, 
w^Uknown brands 'of Portland cement, inoluding J. B. 

'Profit*^' Co., Frances”'* Nine Elms;’* Knight, Bevan & 

Burhain;” ** London Portland,” ” Gillingham,” 
Tingey^,” ” Vectis,” ” Robins,” and also their 
is recommended and highly suitable for all classes 
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The cement is made by most thorough and up-to-date methods, and samples were 
shown depicting the material at the various stages of manufacture, while there were other 

samples of 
cement 
ground t o 
various de- 
grees of 
fine ness. 
Many bri- 
quettes and 
cubes of 
various 
ages and 
m i X t ures 
for testing 
p u r p o ses 
were 
shown, and 
p r a c t ical 
tests were 
carried out 
during the 
e X hibilion 
by the aid 
of a com- 
plete test- 
ing appara- 
t u s which 

Exterior View ok Stand oi- The A&sociatkd Portland Cement Manufactl'RErs (1900) Ltd. Jg J|-j con- 

f 0 r m i ty 

with the requirements of the revised British Standard Specification. Of particular 
interest were the various apparata for determining whether aggregates require washing 
before use, for ascertaining the proportion of voids in aggregates, and for testing 
concrete to 
see if same 
is mixed in 
the speci- 
fied propor- 
tions. An- 
other inter- 
esting fea- 
t u r e was 
the hydrau- 
lic crushing 
m a c h i ne 
used for 
testing 
cubes of 
50 sq. c.m. 
area, this 
reading up 
to 50 tons 
and being 
made at 
the com- 
pany’s en- 
gine ering 
shops from 
their own 

designs. - . ' 

V arious Interior View of Stand of t^e Associated PosTt^WO Cement MANUTAiitvEEEs IfT^ 
samples of , 
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other materials were also shown, such as aggregates of all descriptions, both suitable 
and unsuitable for concrete work, and Planter of Paris, Keene’s, Parian, and Roman 

cements. Their 
practical handbook 
entitled “ Everyday 
Uses of Portland 
Cement ” (3rd ed.), 
which treats with 
the eco-nomical em- 
ployment of Port- 
land cement for all 
purposes, was also 
on sale on the 
stand, and, in fact, 
the exhibits cover<‘d 
all points connected 
with this material. 

Messrs. Mar~ 
tin, Earle A Co., 
Ltd., exhibited 
various samples of 
their |>rodLicls, in- 
cluding their vvell- 
k n o w n “ Rhino- 
ceros ” brand, 
which is guaranteed 
to comply with the 
revised R r i I i s h 
Standard Spi'cifica- 
tion, and “ Ferro- 
duric,” which is 
specially manufac- 
turc'd for reinforced 
concrete work and 
Stand of thf. Expanded Metal Co., Ltd. has been largely used 

for this purpose. 

REINFORCED CONCRETE CONSTRUCTION. 

The exhibits in this section were not as numerous as might be expect^’d, 
and this fact was undoubtedly due, 
in a certain measure, to so many 
firms being unable to prepare suitable 
structural exhibits in the short timt* 
available for preparation and th.' 
absence of ample outdoor spat^^ for 
large exhibits. While several of the 
leading firms were in evidence, many 
others, however, did not exhibit. 

The Expanded Metal Co., Ltd. 

.{No. 157, row G), exhibited examples 
of expanded steel sheet and bar rein- 
forcement for all classes of cxmstruc- 
tional work, the stand itself, which is 
illustrated in the photography being 
formed entirely with conc*^te reinforced 
; with their materials. Ohe; of the great 
of expaitde4^ is the 

whieh can fao handled and 
as it of stamped metal 

:which lu'^ort junction _ _ _ 

''footings, *'“meTa?Co”\7d.''"’ 





tean 


Exubt*’ Rbimforcbmbnt of the Expands 
Metal Co., Ltd. 
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ri:mOTMICTIGNAL| 

Qolunins, flooring, walls, roofing, and in fact any member or structure. It also forms 
an excellent openwork fence for divisions or machinery guards, etc. The rib mesh 
exf>anded st^l is a later type of expanded metal, which consists of a series of straight 
ribs, or main tension members, which, in the process of expansion, are left rigidly 
connected by light cross ties, which act as si)acing members. The usual types 
of expanded metal used in reinforced construction are the 3-in. diamond mesh in 
its various weights, and the rib mesh, in which the rilbs are constant in cross section, but 
are spaced at varying centms, thus giving a variable cross sectional area according 
to the number of ribs in section |jer fool run. The lighto qualities of the diamond mesh 
are largely used as a metal lathing for ceilings and all surfaces where a key has to be 
obtaim'd for plaster, and for this purpose it is preferable to wooden, laths. A great 
advantage of this material is the impossibility of the strands of reinforcement becoming 
displaced during concreting, as the whole of the reinforcement is in the form of a solid 
sh<vt of steel network. Examples of “ Exmet ” brickwork reinforcement were also 
shown by the same firm, this material l)eing made in three strengths from 24 gauge, 
22 gauge, and 20 gauge best mild hoop sled in coils of practically any length. It is 
tMiilMtclded in the mortar betwetm the cxiurses^-^it varying intervals and materially 
strengthens the brickwork. I'he use of these' materkds has become v-fvy popular in 
nn>de*rn construction, and the firm have innumerable examples for reference. 

The General Fireproofing Co. (No. 95, row E) exhibiud examples showing the 
•iipplication of their “ Trusset,” “ Self Sentcring,** and Herringbone lath which are 
used for partitions, flcx>rs, roofs, and ceilings resjx'Clively, and the nature of which is 
shown in th(^ illustratioms. The stand ils<*lf consist(*d of concret<; pM'rs formed of 
“ Self S('nt(''ring,” supporting, sloping, aVid flat nx)f, constructed partly of “ Self 
Sentering’’ and i3artly of *“ Truss<(*t,” and concreltxl over. Sus- 



" Trusset.” " Self Senterini4.*’ Herringbone Lath. 

The General Fireproofing Co.. Ltd. 


cimstructed of " Trusset ” without any temporary shuttering. Partitions formed with 
<*ach of the three materials could be seen, and also two sectit>ns of floors conslructed of 
“ .Self .Senitering,” one being of arched form and the other a flat slab. 

Messrs. Homan 6 t Rodgers (No. 130, row F). — The exhibits of this firm included 
their well-known steel and hollow tile floor, which is constructed with hollow 
tiles about 18 in. long and triangular in section placed l>etwe<-n sled joists of a specially 
light section, and these bricks have a special projecting Up on the underside which 
covers the flange of the steel joist and may afford some protection against fire, ^he 
kf'y for the plaster is afforded by specially formed grooves on the bricks, thus avoiding 
anv hacking. Concrete compos<Hl of broken brick or ballast and Portland cemen't is 
filled in on the top of the tiles to the required thickness. An example of their 
patent ferro'-concrete floor was also given, and this is constructed of steel rcxls 
ixissing through the main girders to form a conitinuous tie, thus being a combination 
of reinforced conicrete and steel frame construct ion. The patent reinforced concrete 
partition of this firm was also shown, this being made of coke breeze, sand, and Port- 
land cement concrete slabs about 2 ft. 6 in. by i ft. 3 in., cast with horizontal steel 
rods in the top and bottom of each slab. A bole for Jth-in. rod is left vertical in the 
centre of the slab and the rod is inserted at the time of fixing,^ this projecting about 
half-way through the groove of the slab above (the slabs being laid to break joint), and . 
then grouted in with cement. 

Messrs, Richard Johnson, Qiapham dt Morris, Ltd. (No. 173, row H).— On 
this stand were displayed this firm’s well-known “ Lattice ” and ** Keedon ” system 
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Stand of Richard Johnson. Clapham & Morris. 


of reinfforced concrete construction, and their “ Bricktor ” system of reinjforced brick- 
work. This system of reinforced concrete work has the advantage of being very 
economical while being simple and efficient, and the exhibit was a very good oni(^% as 

will be seen by the 
photograph of this 
stand, where the 
arrangement of the 
bars, etc., can be 
clearly seen. Various 
samples of “ steel 
wire lattice,” as sup- 
plied for the con- 
struction of the floors 
in many well-known 
buildings, w'cre also 
exhibited. The at- 
tention of visitors 
was specially directed 
to an improved type 
of lattice in which 
the wires where they 
cross are securely 
fixed together by a 
special form of link. 
20,000 yards of this 
material are at pre- 
sent being used in 
the construction of 
the new No. 8 Dock 
Transit sheds for the 

Manchester Ship Canal Co. The advantages of steel wire lattice for concrete floors 
are : the ease with which it can be handled and fixed, the coniinuity of the bond (the 
material being made up to 200-ft. 
lengths), and its low cost. The wire 
used in its construction is of special 
strength, thus allowing of a minimum 
depth of slab being adopted, and there- 
by saving space and dead weight of 
concrete. The system of reinforced 
brickwork was well displayed, and 
examples of walls built upon this prin- 
ciple were exhibited. To demonstrate 
the lateral strength imparted to brick- 
work by the insertion of this reinforce- 
ment, a heavily-loaded test w'all in the 
form of a slab supported horizontally 
was erected on the stand. 

IV. Kennedy (No. 45, row C).— 

These exhibits, although not actual 
examples of reinforced concrete con- 
struction, dealt with the bending and 
cutting of bars for this work, and they 
are worthy of special mention. The 
Kennedy bar benders, which are 
hatid^powcK . portable machines for 
cold bars of yartows sections 
..|dir;''4ps^tnforced concrete; shown* 
various !types* s^ordir^ 
bars to.be treated, ' 

worm-, , 

dliau ^bars, with direct levef for Ught work. 



W. KKNiutDy*s Machine for Ci 


'mo Round Bars. 


The illustration 


!' iKJ^i^ttioi^s cutting of rodnd bars for reinforced concrete work, 
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and interchangeable blades can be readily fitted for cropping squares, flats, angles, 
lees, and other sections. The frame of the tool is formed of a single heavy Siemens- 
Mar.tin steel plate, and is guaranteed to be 
absolutely unbreakable, and the longest rods 
can be readily fed into the machine from the 
front of the gap. The price of these machines 
is very reasonable, and the initial outlay is 
soon regained in the saving of time and labour 
that is ensured by their use. 

A/I essrs, J, A» King & Co, (No. 112, 
row F). — This firm are the makers of the 
well-known “ Mack ” partitions, and ex- 
amples of these partition blocks and pugging 
slabs were shown, together with the “ King ** 
pumice concrete fire-, sound-, and vermin- 
resisting partition slabs, 2 in. to 4 in. thick. 

Examples of reinforced concrete work were also 
exhibited, together with their special “ Ferro 
(jlass ” construction, which is utilise<l for 
pavement and floor lights, roofs, partitions, 
etc. This system consists of specially-made 
lenses, which are temporarily supported on 
boarding, while stwl rods are introduced in 
each joint, these rods bcin-g continuous and 
forming a lattice reinforcement, the whole 
being then filled in with a cement grout. 

The advantages claimed for this system are 
that the maximum amount of light is 
obtained with the maximum amount of 
strength, and the appearance is good, and 
exposed metalwork, which always becomes 
rusty in such positions, is avoided. 

Reinforced Metai, Ltd, (Nos. 136 and 
137, row F). — This exhibit was particularly 
interesting, as it showed a new type of rein- 
forcement for columns, and, according to the 


rt‘po'ri» iijju iL 10 « 

which should be largely em- 
ployed. Various columns were 
shown, and some of these had 
been under a test load as great 
as 1,237 square foot 

of reinforced area, while others 
were shown at various stages in 
the process of construction and 
some prepared reatiy for testing. 
It is claimed by the owner of 
the patent that these columns 
have more than double the 
strength obtainable from any 
other combination of steel and 
concrete in which the same 
weights of these materials are 
employed. The diagrams show 
the nature of the construction, 
with anchored spirals and a 
central steel core, and it is 
worthy of notice that the latter 
is so designed as to be — when 
braced by the anchored spirals 

and the encasing concrete shaft 

Anchored Spirels. End View. —Sufficient to carry the whoie of 

Reinforcep Metap. Ltd, the Structural load during con- 
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struction. It is therefore unnecessary to wait for the hardening of the concrete before 
proceeding with the floors above, thus enabling buildings to be constructed very expe- 
ditiously. An extensive series of tests of columns of this type have been carried out by 
Professor Andrew Gray, LL.D., F.R.S., Professor of Natural Philosophy at the 

University of Glas- 
gow, and in the re- 
port he says of this 
method that it “ pro- 
vides a composite 
material having the 
•remarkable and ex- 
t r c m e 1 y valuable 
physical property 
that its modulus of 
elasticity under pro- 
gressive loading in- 
creases with the in- 
crease of compressive 
stress.” Apart from 
its practical value, it 
is thus, on account of 
this remarkable and 
unique profXTty, of 
great scientific in lor- 
es!. Other columns 
which were tested to 
destruction carried 
loads as great as 
1,430 tons per sq. ft. 
of roinforc<‘d area. 
Copies of Professor 
Gray’s report and 
other particulars can 
be obtained on appli- 
cation to Reinforced 
Metal, Ltd., 175, 
West George Street, 
Glasgow. 

Siegwart, Ltd, 
(No. 154, row G). 
The exhibits of this 
firm included ar- 
moured concrete 
pipes and poles, and 
the illustration gives 
an idea of the varied 
utility of this <'om- 
pany’s products. The 
biEGWART’s Armoured Concrete Pipes and Poles. pipes are made as 

small as 8 in. dia- 

nieter and as large as 4 ft., and for special work the size could be increased up to 8 or 10 ft. 
diameter. The concrete and steel are woven together with mathematical precision by 
machinery and the socket is doubly reinforced ; while the whole of the pipe is lined with 
a special asphalt, also applied by machinery. They are made in longer lengths than 
other concrete pipes., thereby reducing the number of joints and saving the cost of labour 
in laying and jointing* . 

SpiM Bddd Bar CPf Lftf.(No. 30a, row B). — Examples showing the application 
' ^ spiral bond hats for reinforced concrete work of all kinds, which is claimed 

^tp.,bie « ntopt reliable ahd economical type of reinforcement to use, were exhibited by 

Steel do., UA ,(No. 154, row G).— The stand of this 
a pavilion well designed in the Greek style, where the 
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Doric order was employed, and it was constructed entirely of Hy Rib, which is one of 
the Kahn products. This material is a steel lathing which is stiffened at intervals of 

in. by longitudinal ribs, f-in. projection, thus giving a stiffness which permits of 
its use as centering as well as reinforcement, and for walls, partitions, etc., eliminating 
the use of studs. Intercsling applications of its use were shown in floor slabs supported 
by both flat and curved Hy Rib, the various stage’s of wall construction where it is used 
with supports, susf)ended ceilings at 4-ft centres, as tx>m|)ared with the usual 12 in. or 
18 in., and centering for circular columns. Sample partition slabs were also shown, 
and generally the stand was admirably and tastefully arranged. 

The Vibrocel Co,, Ltd, (No. 144, row G).—This firm exhi'bit<xi for the first 
time at Olympia, and their stand contained much that was of interest. It is claimed 
that the Vibrocel method of vibrating concrete w siiii ])roduces a perfect imbedding of 
the most complicated forms of r<‘i nforceme.nl without risk of displacement, thus secur- 
ing iK'rfect adhc'sion and grip. The concrete being rendcTed nom-porotis and damp- 
proof, llui reinifon'ement -howe\’er delicate it may bc‘ — does not corrode. The examj)les 
shown included pnn‘umatic vibrators for vibrating Concrete in situ, a 5-ft. hexagonal cell 
of roinforced concrete with walls 2 in. thick filled with water, a similar cell in various 
stages of construction, sjiccimens of concrete base blocks, pillars, etc., and fragments 
of 5-ft. cells burst with screw jacks to show that pillar and e'en wall unite into one 
iTiass without -any weakness at their junction. 

CONCRETE BUILDING BLOCKS AND 
MACHINERY. 

R, H. Baumsrarten .(Rej). of the h'irsl Cottbus 
Cement Goods and Madiine Works) (No. 128, row F). — 

Various machines w(‘re to be s-(‘en on this stand for 
making all kinds of (x>ncrole bkveks and tiles. Sand and 
cement, with brwze or gravel, mixed in various pri>por- 
tions, are the materials used with all the machines, which 
included types for making exmerete roofing tiles, concrete 
bri('ks, |>artilion slabs, concrete blocks, and other 
materials. Demonstrations w(Te given during the <*x- 
hibition, and th(‘ wall of the stand was ertx'ted with , 
concrete bkx'ks, while the offic<* partitions and floor were 
formed with products from the machines. 1'he itwo 
illustrations show the nature of some of the machines 
exhibited. 

Messrs, Siothert 6 t Pitt, Messrs, F, L. Smith 

& Co. (Nos. 39 and 40, row C).- There were various types of concrt'le mixers, both 
hand and power, exhibited on this st.and, including the “ Victoria ” concrete mixer, with 

charging hopper, and with loader and wa.ter 
tank, driven by elet'lric nn>tor, and tlie 
“ Smith ” mixer, with charging hopper and 
a similar type? of machine on truck with 
loader, engine and boiler, with special heat- 
ing arrangement. Some of the mixers were 
sliown in operation, and the simplicity of 
the various machines indicated to the visitors. 

The (U,K,J Wiaget Concrete Machine 
Co., Ltd, (No. 193, row J), — The exhibits on 
this stand were numerous and interesting, 
and included the well-known “ Winget ** 
concrete block-making machine. This 
machine was shown in operation making 
hollow and solid building blocks of a maximum size of 32 in. by 16 in. bv 9 in., of w:hich 
size as many as 500 can be produced in a ten-hour day by one machine. The office 
on the stand was built with these blocks in order that an idea of the good appear* 
ance could be obtained by the visitor, and there need be no monotony , in the 
blocks, as there are no less than nine varying patterns of face available. The 
“ Winget *’ machine can also be obtained with attachments which allow the production 
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of partition slabs keyed all round and hollow blocks keyed at the ends, of which two 
are made in one operation. A smaller and less expensive block-making machine, known 
as the “Titan,” was also exhibited, and this makes hollow or solid blocks i6 hi. by 
9 in. by 9 in., with plain or patterned faces, with four possible variations of the latter. 
One of our illusftrations shows the “ Express ” concrete mixer, which was also 
exhibited in operation. This is a power mixer, and mixes the concrete in any 

state from dry to siloppy, as desired ; it is largely used for concrete block work and 
for reinforced concrete work, and it has the adviinitage that the ofXiralions of dry and 
wet mixing are constantly in sight. Other exhibits included a “ Winget ” hand-power 
mixer for concrete, and the “ Lums<len ” wood trimmer, of which an illustration is 
given. This machine is easily manipulated and gives excellent results, and is imdis- 
penisable to the patt<Tn maker requiring spmly work. Among the small access-c ries were 
shown various concrete laying tools and 
moulds for balusters and paving slabs. 

Ransome-verMehr Machinery Co., 

Ltd, (Nos. 218 and 2U), row K and bay 
26, Gallery). — The <‘xhibits of this firm 
included a variety of machines for mixing 
concrete and other purposes, examples of 
which are shown in the illustrations. The 
mixers included a No. o mixer with direct 
coupled petrol engine and elevating hop- 
per, large numbtrrs of these being in use at* 
the present time. In addition to this and 
other power machines, a compact hand- 
mixer, with charging skip and automatic 
water tank, was exhibited. Another 
machine was the Ran some stone dryer, 
which is utilised for drying stone for 
making tar macadam, and is so arranged 
that each batch can be thoroughly dried 
in three minutes, while the capacity is 50 cu. yds. per day. The example of steel piling 
and the Ransome pile extractor were of interest, the former toeing in use at the 

present time on various contracts, which include 
the Rosyth Naval Base, the new Port of London 
Dock improvements, and the new .Smith’s D<x'k 
at South Bank. 'J'be cement tester, of w'hich an 
illustration is given, is designed to supplement 
the existing tests rathiT than displace them, 
and deals with the hardening qualities of the 
material. The Ransome eontinuous filter, wdiii'b 
w^as shown in operation, was of particular 
interest, the water being subjected to the moving 
sand in such a manner that it is thoroughly 
filtered, while the filter is simple and twn-omi- 
cal, w’ith very little maintenance. 

CONCRETE (GRANITE). 

Meaara. A. C. W. Hobman A Co* (No. 
II, row B). — ^Various siimples of rag-stone for 
tar paving and tar macadam, and paving 
samples which had seen many years’ wear, were 
shown, together with examples of “ Clifton ” artificial stone, “ Cliftoiiite ” ornamental 
paving, hnd “ Emente *’ and leaded non-slippery treads for heavy wear. 

Jpttta A Co* (No. 17 1, row H). — On this stand could be seen 
various roeik swer tubes and manholes, the latter having the patent' 

bi^se, cbnjprising benching, channelling, and sewer connections. Th-ere 
, concrete road gullies and rock concrete rooifing tiles, the 

jrM> nails, T^hile the double interlocking arrangement assists in the 


Thi/iugitiwytl eMPr»t,Haeh 


WiNGfcT "Lumsden” Wood Trimmer. 



Baumoarten's Partition and Pipe- 
making MaOHINB. 
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FIRE.RES1ST1NG FLOORS. 

• There were several examples of fire-resisting floor consitructioin, and, in addition to 
those already described under the heading of “ Reinforced Concrete Construction,” the 
following are worthy of notice : — 

J^lesara. Horace W. CuUutn A Co. (No. 224, row K). — ^This system is con- 
structed with special hollow bricks which are used in conjunction with single or crossed 
reinforcement, and it can be formed with clear spans up to 30 ft. The advantages 
claimed are : its lightness, rapidity of construction, sound-resistance, and no expansion. 
The floor can bo constructed to carry any load, and when the spans are greater than 
30 ft., steel girders are .introduced to cut up the floor into panels. 

The Kleine Patent Fire-Reaiatiag Flooring Syndicate, Ltd. (No. 119, row F). — 
The stand of thd-s firm was entirely constructed on their system, which conisists of rein- 
forced hollow blocks 
that can be used over 
wide spans. It is 
claimed that this 
mcth(Ki gives a light 
form of construction, 
while it is sound- 
proof, and it can be 
rapidly executed. 

The Slegwart 
F ire proof Floor 
Co.. Ltd. (No. I, 
row' A). — This sys- 
tem of flooring con- 
si s t s of sjiecially 
moulded hollow rein- 
forced concrete 
beams, which do not 
require any center- 
ing, thus avoiding 
delay on the site of 
operations and doing 
away with a large 
amount of moisture 
which is necessarily 
introduced with con- 
crete that is depo- 
sited in a moist con- 
dition in the work. 
The beams are 

placed side by side on the supporting walls or joists, and the joists are then grouted 
with cement mortar, after which the floor is ready for the finishing surface material. 
A portion of a constructed floor w'as shown on the stand, and also the application of the 
beams to sloping roof work, and one beam w'as cut to expose the method of reinforce- 
ment both for longitudinal stress and shear. The concrete employed for the beams is 
carefully proportioned and mixed, and the aggregate consists of fine granite. 

FIRE-RESISTING PARTITIONS. 

The Murlbioc (Partition Slaba), Ltd. (No. 68, row D).— This firm gave a special 
demonstration of their weight-taking partition slabs, and their exhibit also included 
samples of their special slabs, such as Muribloc anthracite clinker and cement partition 
slabs and the Muribloc patent inter-dowel key plaster slabs, with rough and finished 
faces. In addition to these there were given examples of reinforced concrete lintels, 
concrete fixing bricks and pugging slabs. 

The **Shark-Qrlp** Tiling Co. (1910), Ltd. (No. 23, row C).— The exhibit of 
this firm referred to the finishing of partitions and wall surfaces, with regard to clean 4 i- 
ness and hygienic principles, and included examples of the ” Shark Grip ” (patent 
backed) tiling, opal tiles, which are guaranteed for five years against facial cr^ckipg, 
crazing, frost, heat, and vibration, and various specimens of terrazzO and mosaic steps 
and floorings. 



Stand ok Messrs. Ransome-verMehr Machinery Co., Ltd. 
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There were many other exhibits of fire-resisting partitions, a great number of these 
being on the stands of those firms dealt with in the other sections, and no further 
mention or description is needed here. 

FIRE-RESISTING DOORS. 

Measn. Chubb d Soa*a Lock and Safe Co., Ltd. (No. 170, row H).— There were 
numerous examples of fireproof safes and 

doors on the stand of this well-known 

firm, but quite the most interesting was 
the new patent steel and concrete door, 
which is suitable for party wall openings 
and similar purposes. It is made of a 
solid slab (2 in. thick) of reinforced con- 
crete covered with steel plates, the latter 
being made to interlock in such a way 
that the interlocking pieces and the fasten- 
ing rods inside between the two plates 
form the reinforcing members of the con- 
crete filling. The concrete is put in from 
the open ends, which are then closed by 
end-plates provided with inturned and 
twisted pieces embedded in the conctx^te. 

This new type of construction is to be 
shortly submitted to a severe test by fire, 
under the B.F.P.C. rules. It can be 
adapted for hinged or sliding doors, and 
for fire-resisting cupboards. 

Meaara, Fireproof Doors, Ltd. (No. 

18, row B). — This firm exhibited their 
Dreadnought ” fireproof doors, which 
are claimed to have withstood a greater 
test by fire under the B.F.P.C. standards 
than any other door. The test comprised 
an exposure to a temperature of 2,000 d<ng. 

Fahr. for four hours. 'I'hese doors may be 
treated with panels or mouldings to give 
any desired effect. The “ Empire ” fire- 
resisting doors were also shown, these 
being somewhat lighter but equally strong, 
and much used for lifts, staircases, etc., in 
place of ordinary fire-resisting hardwood 
doors. There were also exarnples of the 
“ Dreadnought ” cabinets displayed, thest' 
being employed for the safe keeping of 
patters, etc. 

ROOFING AND WATERPROOFING. 

/M Anderson dt Son, Ltd. CsMBNT Testbr ofi'Mbssrs. Ransomb-vbrMehr 

(JNO. 133, row F). — ^I'he exhibits on this Machinery Co , Ltd. 

Stand included many roofing and pre- 

” roofing, » Stoniflex ” felts, “ Zerolite ” insu- 

P— tive, 

^ Cerosit-oemeot buckets. The small 
water, and was washed over with water by means, of 
to die buthiing in order to show the waterproofing qualities of the 

: 14‘ia^lli‘W il". Cmll*ad*r A 'Co.. ■Afrf. (No. 64, row D). — number of 

exhiWted at this stand, one of the most notable of^^ 
TenaePed watwtight with CaUender’s sheetings, whkh are 
swimwng-batbs, and similar constructions. A 
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rrftxiel was also shown as an illustration of the waterproofing qualities of “ Protex 
when applied to a brick surface, which w’as played upon by water jets as a practical 
illustration. Other specialities included their various damp courses, “ Bituisol ” paint 
for iron and steel work, “ Bitubond,” for pouring into cavity w'alls to rendtT them 
temperatune-proof, and their “ Veribest ” natural asphalt roofing. 

The Ironite Co,, Ltd, (No. 214, row J). — ^The exhibit of this firm consisted of 
examples showing the various applications of “ Ironite,” which is a fine mineral powder 
that is mixed with water and applied to concrete or brickwork to fill the voids and 
render the material impervious to moisture. 

Messrs, Kerne r- Greenwood 6 t Co, (No. 33, row C). — On this stand the visitor 
could see models, etc., erected for the purpose of showing the watc*rproi>fing qualities 
of ” Pudlo,” which is used in the form of a white powder that is mixed with the 
cementing material. There was a model house built with ordinary brickwork and 
rendered externally with Pudloed cement, upon which a conLstant stream of water was 
allowed to play, and alst> a model flat roof holding water, and other exajnj>les wiiich 
put a severe test on the material without producing. any effect as regards the percolation 
of water. It is claime<l that this material has no detrimental effect on the cement with 
which it is mixed, and, in fact, it slightly increases both the tensile and crushing 
strength of the cement used. 

^ Messrs. F. McNeill Co,, Ltd, (No. 103, row E). — On this stand were shown 
v.arious roofing felts and sheeting, including tht^ various ty|>es of the “ Lion Brand ” 
and “ l^kumen,” and other materials for roof lining and sound deadening. 

The Ruberoid Co., Ltd. (No. 152, row G). — ^The exhibit of this firm consisted of 
a building whereon were displayed the various applications of ‘‘ Ruberoid ” roifing to 
flat and |)itched roofs. This material has been largely employed during the twenty-one 
years it has been on the market, and it is the tMiilv pre]j;ired, fl(‘xible ct>loured roofing 
iliat is manufactured. It can be applied to any kind o<f roof work. It is interesting to 
mote that the composition of the material luis not been altered in any way since ft was 
first manufactured in i8qi, although the firm have never ceased their res(‘arches since 
thti material was first invented. 

Messrs, Vulcaaite, Ltd. (No 105, row E). — Various models illusttrating the 
application of patent vulcanite r<K>fing and “ Rexilite ” roofing were given on the stand 
ot the firm, who also exhibited the-ir Bitumen Bridge asphalt and Standard asphalt for 
cavity walls, together with many other specialities. 

STEEL PILING ANP METAL DOORS. 

The British S tee i Piling Co, 
(No. 7 Bay, Gallery). — The exhibit 
of the firm included various ty?>es 
of steel piling, such as the 
” Universal ” joist steel sheet piling 
and the “ Simplex ” piling. Th<i 
former type consists of various 
sections of rolled steel joists which 
are connected with special shaped 
clutches, and the latter is formed with 
firm also make a speciality of pile- 
driving equipment, and have carried out the piling work' on many important contracts. 
Steel piling is being largely used for important work in the present day, as there is no 
waste in cutting, it is much stronger and more reliable than timber, and can be driven 
more cheaply. The sections can 1^ used a large number of times, and when finished 
with as piling will always find a ready market as scrap. The Blaw collapsible steel 
centering is another speciality that was shown, and this is adopted for centering for 
sewers, culverts, conduits, etc. The general principle of the “ Blaw ” system is 
simply steel sheet held at the curvature, by means of angle irons, etc.,, and turn- 
buckles. These turnbucklcs on being screwed tighter, must necessarily gently reduce 
the span of the cross diameter when they are fixed, and as the centres as a whole (in 
the case of arch work) are supported on wedges, when the wedges are loosened it 
follows that the whole centre must come away from the finished work gently. This is a 
very good system to adopt, as it is simple, saves time and money, and gives a finer 



BUILDING TRADES EXHIBITION. 




iinish to the concrete than any timber centre. The firm have numerous examples whidre 
their systems have been employed, which are good evidence as to the efficiency of their 
products. 

The Art Meta! CQnstruction Co. (No. 104, row E) showed various steel 
furniture an(i fireproof construction, the photograph illustrated being that of a typical 

exhibit. The specimens were 
very varied, and included par- 
titions, screens, adjustable 
shelving, and steel fittings in 
general, and some “ Dahls- 
trom doors, which were 
recently submitted for official 
fire test under the B.F.P.C. 
rules and obtained the 24-hour 
Universal Joist Steel Sheet Piling. classification. 



The Deita Metal Co., 

Ltd. (No. 174, row H), are the largest manufacturers of extruded metjils, and they 
exhibited specimens of ^most every sectkwi imaginable. This company do not make 
finished articles, but only supply their semi-manufactured si>cci;ilitics to the trade. 

The Crittall Manufacturing Co., Ltd. ('No. 161, row H), showed metal windo\y? 
of every description, and their exhibit took the form of a building specially erected 
for the purpose of showing the various types in position in the work. Examples of 
fire-resisting doors were also to be seen. 


ASBESTOS SLATE FOR TILING. 

There were many exhibits by firms supplying ithese materials, amongst them being 
The Atbestos State and Contract Co. (No. 82 and 83, row E), whose exhibit con 
sisted of a bungalow ; Messrs. Be//*s£/Ai^e<fAsAestog Co., Ltd. (No. 168, row H), whiC 
were the first to manufacture “ Poilite ” Asbestos Cement tiles and sheet in Great 
Britain under the first Patent Act to be revoked under the new Patent Act of 1907 ; 
The British UrsUte Co. (i90SJ, Ltd. (No. 108, row E), who exhibited a w^hole building 
specially designed to show the adaptability of “ Uralite TheCalmon Asbestos and 
Rubber Works, Ltd. (No. 29, row C), who showed their well-known Calmon Asbestos 
roofing tiles, wall and ceiling sheets; and Messrs. O. R. Speaker A Co. (No. 63, row 
D), whose exhibit consisted of a wood and steel framed building covered with their 
Eternit ’* slates and lined throughout with Speaker’s “ Eternit sheets. 


VARlOUa 

Messrs. Casseti A Co. (No. 50, row D), the publishers of Building U'orld, 
euxhibited copies of this technical journal, together with various technical books, 
including their reoently-pu'blisbod book, Ca>sselVs Reinforced Concrete, which 
appears to be having a good sale. 

The Compendium Pubtishing Co. (No. 194, row J) were exhibiting their 
publications, The Engineer.^', .Architects' and Contractors' Compendiums, and the 
Compendium Registers. 

Hudson A Kearns, Ltd, (No. 135, row F) had an attractive stand where the 
visitor could inspect various specimens of art and general printing, and drawing and 
tracing materials. 

There were many more interesting objects, but lack of space prevents their being 
described or even mentioned, and the organisers are to be congratulated on the excel- 
lence of the exhibits, We feel that a written description can hardly do justice to the 
work $hOwn, which reflects great credit on the various firms responsible for their 
arrangement. 

in coifK^lusion we, would add that, as on previous occasions, the organisers gave, 
every oppdutunity to tiife, various technical socii^es interested to make a careful study 
of 41} th^ WAS to regardhig building construction by issuing special invitations 

tiifr institutions, and among those societies who enjoyed the 

-The Institution of Municipal Engineers, the Institute 
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of Builders, the District Surveyors’ Association, the Institute of Clay Workers, the 
Royal Sanitary Institute, the Society of Architects, the Surveyors’ Institution, the 
Concrete Institute, and the Institution of Heating anc Ventilating Engineers. 



Typical Exhibit of the Art Metal Construction Co. 
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The tORKhottse described betovi contsins meny feetares of perHculef interesU end goes 
to shov) thet reinforced concrete is edmiraHy adapted for buildings of this kind tunere food 
has to be stored in targe quantities and sometimes for considerable periods*— ED* 


There has recently been completed near the south end of Blackfriars Bridge, 
London, for Mr. J. Sainsbury, Provision Merchant, a building which is certainly 
one of the largest reinforced concrete warehouses in London. 

Not only does the use of reinforced concrete for this important structure 
afford one more proof, if such were required, of its economy and suitability 
where heavy] loads have to be carried, and where protection against fire is a 
sine qud non, but the idea which seems to be current in some quarters that 
reinforced concrete is not a material which lends itself to quick construction 
has also been completely refuted. Throughout the progress of the work it was 
noticeable that the other trades were keeping back the concrete work rather 
than vice versa* 

The building, which is adjacent to the large previously existing premises of 
Mr. Sainsbury, is situated in Bennett Street and Stamford Street, being only 
about loo yds. from the south bank of the Thames. It consists of seven floors 
and the roof, the outside walls being of masonry and brickwork, and the whole 
of the internal framework, footings, columns, beams, floors, staircases, etc., of 
reinforced concrete. The retaining walls supporting the roadways and foot- 
paths in Stamford Street and Bennett Street are also of reinforced concrete, 
and are of a somewhat unusual design, which is described later. 

Owing to their proximity to the river, considerable difficulty was experienced 
with the foundations, portions. of which had to be carried below the level of the 
water in the gravel. At one spot the inrush of water was so great, and the 
consequent disturbance of the gravel and sand of which the foundations are 


formed ao serious, that it was necessary to resort to piling, but as a general 
rule the footings, both of the piers carrying the walls and of the interior 
columns, were ^signed of reinforced concrete in such a way that the load upon 


the gravel b^low was not more than could safely ill carried by it with- 
q^Ut fu^hcr asslstat^. Two heavy internal ’walls cross the building, and the 

qontihuous slabs, the sections of which are 







in Fig* i* But, in addition to the two wall foot^ 
two or columns were carried on a single strip 
an tee beam. The sections of these are shown 

of the tongitudiruil section just referred to. 

of space “and material, is effected by this 
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type of design, which has the further advantage of tying the bottoms of the 
columns together and thus stiffening them. It will be noticed that the footings 
are not all at the same level, the variation being due to the varying nature of 
the material as well as the requirements of the building. 



The basement is 
approximately 187 ft. 
long by 75 ft. blond, 
and is surrounded on the 
two sides next the streets 
by retaining walls of 
reinforced concrete. The 
design of these walls 
consists of a slab vary- 
ing in thickness from 
6 in. to 8 in., supported 
by a system of vertical 
beams 10 in. by 10 in., 
which are supported at 
the bottom by the floor 
of the basement, and at 
the top by horizontal 
beams, some of which 
run into the main columns 
of the building. These 
horizontal beams also 
support the slab carrying 
the load of the pavement 
and street above, this 
slab acting as a beam 
from column to column 
to resist the horizontal 
thrust of the ground 
against the retaining 
wall. 

The intermediate 
beams which do not run 
directly on to the main 
columns of the building 
are supported vertically 
at their inner ends by a 
longitudinal beam run- 
ning parallel tt> the wall, 
and suppoiited in turn by 
those of the cirnss benms 


which run on to the main columns. (See t and 4.) , 


It may be mentioned that, owing to the heavy nature of the tralBc ihr the 
neighbourhood, the requirements of the district surveyor very heaVy in the 
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case af these retaining walls and the pavement and road slabs supported by them, 
a load of no less than lo cwt. per sq. ft. having to be carried by the floor below 
the pavement, while the retaining wall had to withstand a super load of the 
same amount in addition to the load of the ground itself. 
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^ ^ It was, of course, 

j j necessary, under the 

i; ~T V “ “---js- '-“■J London County Council 

i I- -.p-y --'1^ nN' ir regulations, to asphalt 

Pn -Tfl-t V> --V^ - - r'i ret. lining 

r n ^ V Ij ‘‘"‘I order to 

I 1 facilitate this a some- 

l||"' ^ j ^ - xj what unusual method 

nUf ' 1 n I 1 < adopted, which 

[ |z=z!«=b» "I “ ^ j i proved very satisfactory, 

I i ^ ~ p r'! probably be 

1 — — I ij 5 used more frequently in 

1 * ^ r ',[ future. The method 

^ I ^ consisted of building" a 

I 1 1 - I 1 ^ thin ^1-in. brick wall in 

i - -j “ (|te nil I — ij portions against 

J ‘ lTIT- _T. _ rT /I '1 J ground, and calc- 
ic _'[2. I ^I'l ij < rctimbering this 

1 1 I ~' 1 _ X-l 1 ^ brickwork as soon as it 

J I I > , T I vv.is complete. Jusi 

[”' J [, ' before the reinforctfl 

j ' ^ "T| ' c'oncrete wall was placed 

[ ] I ' ' in position the brickwork 

Ji ■ ■! I ■ I I ■ j • W is covered with 

, * J i ! «- J ‘li^phalt, and the concrete 

^ " Z then phuxid against it. 

— 1 H 1 g|5p fgf) I — ^ ] J T method avoids the 

I ^ waste of space and the 

[ I I I [ ] [ ^ difficulty and cost of re- 

^ j L " J " 2 without dang-er of 

I’pzfli.i j ■ ■ j ® * y '♦ubsidence, which always 

h ' I ^ 5 e X i s t when sufficient 

I j — * 1 ! j ] r — sSpace is left outside the 

L*Jj ■ ■ ^ Ij *'etaining wall to place 

I — I - J • ^ asphalt directly on 

[ " ^ 1 " y- ^ u I the back of the wall. 

^ The floor of the 

pypsjX * g basement over the sub- 

— V . , ,, , basement presents no 

jj special details, but the 

^ ■ ground floor over the 

^Mmeot contaitu thr^ teadixig rartways leading in from Bennett Street, and 

lii *** **'f**“~*'®-' 4 ft- below the level of the ground floor. 

TtMa^ ^rttv^a art doaigned to carry the heaviest form of motor lorries. They 
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are supported by main beams i8 in. by i8 in., each carrying three secondary 
beams 14 in. by 8 in. ; the slab between the secondary beams being 5 in. thick 
and covered with 4-in. granite cubes to afford a foothold for horses. The sides 
of the cartways run direct into the columns and themselves form secondary 
beams carrying the outside bays of the slab. (See Figs, 3 and 4.) 

The first floor, being unbroken throughout its area, may be taken as typical 
of all the upper floors. 

The live load is in all cases 4 cwt. per sq. ft., this exceptionally large 
figure being due, of course, to the heavy nature of the goods to be stored. 

The main beams run parallel to the length of the building, which is divided 
into three portions by two main division walls of brick running right across 
the building from top to bottom. Each division of the building contains three 
consecutive spans of main beams, the centre of which is the greatest, 22 ft., the 
small spans being 16 ft. and 12 ft. in the centre and outside division respectively. 
The long span main beams are 18 in. by 10' in. and contain two ij-in., four 
i*J-in., and two f-in, bars. 

The secondary beams are nearly all 14 in. by 7 in. aild contain two f-in., 
two J-in., and two §-in. bars. 

The slab is 4J in. thick, and is covered by a i-in. thickness of granolithic to 
form a finish. This granolithic was put on as nearly simultaneously with the 
slab as possible, so that it should be monolithic with it. 

At the back of the building — that is to say, on the side opix)site Bennett 
Street — the last bay is broken up to a considerable extent to allow of lift wells, 



etc. These lift wells are enclosed by slabs of reinforced concrete 3 in. thick, 
reinforced by a network of light bars running both horizontally and vertically. 

The N.W. and S.E. corners of the building are occupied by the staircases, 
which are of reinforced concrete formed in situ, and do riot present any very 
special features, although a considerable number of cranked beams occur in 
which the reinforcement is somewhat intricate. 

The roof is well shown by Fig. 7. , 

3M' ' 
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The centre bay for the g-reater part of the length of the building is raised 
by light trusses of reinforced concrete, so as to admit of glass lights being 



inserted between the 
flats at the two levels. 
Three trusses occur at 
ii-ft. centres, and are 
supported on main longi- 
tudinal beams, 27 in. 
deep, reinforced by two 
2, -in., two f-in., and two 
i-in. bars, and a tie, 
9 in. by 6 in., occurs at 
each column. The 
secondary beams sup- 
porting the flat portions 
of the roof are 6 in. by 
5 in., with three j-in. 
and two ^-in. bars. The 
slab is 3 in. thick. 

Portions of the build- 
ing are raised to another 
floor, forming a dining- 
room and chambers con- 
taining lift machinery, 
etc. There is also a 
reinforced concrete tank 
to hold 15,000 gallons. 

As might be ex- 
pected in a building of 
so many floors carrying 
such exceptionally heavy 
loads, the size of the 
columns required in the 
sub-basement, basement 
and ground and first 
floors was found to be 
excessive if only the 
ordinary percentage of 
steel was used. It was 
therefore decided to in- 
crease the amount of 
steel and thereby reduce 
the size of the columns. 
In the largest column no 
less than twelve if-in. 
bars were used. 


Tho junction of thife column bars at the various floors was effected in 

. . * 
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the usual way by lapping the bars in all outside columns, or wherever the column 
could conceivably be subjected to bending stresses; but in the interior columns, 
where there is no possibility of any bending, loose sleeves were used, by means 
of which the ends of the bars were joined, thus saving space and allowing more 
room for concrete. This point is of considerable importance where there is a 
mass of steel running into a column horizontally from four directions, and 
where, at the same time, there may be as many as twelve vertical column bars 
in a small space; but, of course, it is an extremely dangerous method if there is 
the least possibility of any bending stresses occurring in the columns, as some 





Fig. 5. View of Floor in course of construction. 
Provision Warbhousb in Rbinforcbd Concrbtb. 


of the bars might then be put into tension. The ** sleeve ’’ method gives 
practically no tensional strength. 

A test load of ij times the working load was applied to three floors 
simultaneously, so as to test not only each floor, but the columns and founda- 
tions at the same time. This is a point which is too often ignored. 

It is interesting to note the extremely small deflection under load which 
is nearly always obtained with a well-designed reinforced concrete structure. 
In this case the maximum deflection of the main beams did not exceed 1/5400 
of the span. 

The work was carried out by Messrs. W.. Johnson & Co., Ltd*>; Wands- 
worth Common, from designs prepared by the Indented Bar and Concrete 

33S 
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^ Sftfeta reinforced concrete provision warehouse . 

Eng'ineering Co., Ltd., Queen Anne’s Ch.'imbers, Westminster, the whole 
beiitg' under the direct superintendence of the architect, Mr. A. Sykes, 
F.R.I.B.A., of Finsbury Pavement, London, E.C. 

The various photogfraphs, excellent as they are, hardly convey sufficiently 
the clean and light appearance of the building, which has been obtained by the 



Fitf. 8. Basement Retaining Wall. 
Provision Warehouse in Reinforced Concrete. 


use of reinforced concrete. In spite of the very heavy character of the loads to 
be carried In buildings for such purposes as the storage of articles df 'fodd, it, 
is hardly possible to lay top much stress on the value from a sanitary pditit Pf 
view of a clean reinforced concrete job such as this, . 
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EDWARD N. HINES, 



By EDWARD N HINES. 


In cf the impending Iniemniionnl Rond Congress to be held in Jane next, ena 
regarding which m note appears in Another column of this issue, we give below a Peper 
read on the subfect of concrete roads at the Ninth Convention of the National Asso- 
ciation of Cement Users, Philadelphia, Pa»~-ED, 


It is a sad oommomtary on the conduct of an undertaking of any magnitude that 
individuals, municipalities, states or nations, all seem to find it necessary to do a 
certain amount of experimenting and dilly-dallying before accepting the conclusions 
and avoiding the failures of previous demonstrations.. I'his is particularly true of the 
various pha^ of the good roads movement. 

With four years* experience as a guide, it has been demonstrated in Wayne Colinty 
(Mich.) that a well-built concrete road is a practical form of construction which m^its 
and will receive a more extensive adoption. Every test to which our work has been 
subjected serves only to emphasise its strong characteristics, 'rhe points considered, 
which might properly be termed a specification, are : Initial cost, ultimate cost (which 
includes maintenance), sanitfition and freedom from dust, good traction for all types of 
vehicles, smoothness and ease of construction. 

The initial cost of a good concrete road is little, if any, greater than ithat of a first- 
class bituminous macadam road. One of the greatest fallacies indulged in by com- 
munities starting to improve their highways is that cheapness in cost of original con- 
struction of roads means economy and that the highway official who can build the 
greatest area of roads at the least outlay per square yard is working for the community’s 
best interest. 

THE PAVING DETERMINATOE. 


About a year ago, as a result of the rapid deterioration of new pavements, the Citv 
of Detroit conduct^ an inquirv into materials used and methods folloiwed in paving, 
and the Common Council of the city voted $600 for tesitimg purposes to decide the 
merit or lack of merit of the various forms of built-up pavement. Boiler Inspector 
McCabe designed a very ingenious machine whereby all the conditions met with in 
street traific could be reproduced as nearly as possible. 

The machine is made to revolve about a vertical shaft which carries, on a bearing, 
a head, which forms a beating for the steel frame, at each end of which are jointed T 
castings* These T castings carry the shaft upon which solid cast iron wheels are 
mounted. The wheels have a 3-in. tyre and carry a load each of 1,350 lb. They are not 
supplied vvitfi ^rlngs or shpek absorbers of any description. Each shaft also cairries 
several plunks on which are mounted horse-shoes, each one of which strikes a 75-lb. 

The wheels are moyed across the pavement by a train of gears. The measure- 
outsfdp to outeid^ is ft. 8 in., the greatest wheel radius is 10 ft. io in., 
the inside w^l is 8 ft. 7 in. It requires 333 revolutions 
aioross'the pavem^t 2 ft., which is the limit of 
ppiisistif ql 8 In. of concrete. The paving is 
; la ))^d pounder until firm and uniform. The 
d on jthe In the first experiment 

and three or four varieties of 
Free reports as follows 
I’machinei it .was Vun at a comparatively high 
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speed to give it a severe test, and the pavement which stood up best under this punish- 
ment was the concrete laid under the specifications of the Wayne County Road 
Commission. The wear on the surface was hardly perceptibfe, while the same wear 
on granite block and all brands of brick tried was as great as in.” 

MAINTENANCE. 

While not belittling the principle of maintaining a road after it is built and 
following it out in practice, it seems to me, with Wayne County’s experience, that it 
would pay other communities to adopt a form of construction on which it is not 
necessary to expend from $800 to $1,300 a mile yearly to keep it in fairly usable 
condition. Our concrete roads are sanitary, as there is no detritus from the road 
itself ; there are few cracks and joints to bold dirt and animal droppings, and there is 
no dust. The drier the weather, the less dirt on them, as vehicles do not track mud 
from unimproved cross-roads in dry weather. Our concrete roads have a gritty surface 
and are not slippery in any kind of weather, affording good traction for all types of 
vehicles. Horses find good footing on them and automobiles do not skid in wet 
weather. It is not necessary to build concrete roads with any great amount of crown, 
and the tendency to drive in one track — so apparent on macadam roads in the forma- 
tion of ruts — is eliminated, as the driver of a vehicle can sit comfortably in his seat 
j.o matter on what part of the road he may be driving ; neither can a horse pick out the 
beaten track, as on a gravel or macadam road, but must be driven or he will zig-zag 
over the entire road. A crown of J in. to the foot disposes of the surface water and 
tends to distribute traffic over the entire area of the road. Another desirable feature 
of concrete roads is smoothness. 

CONSTRUCTION NOT DIFFICULT. 

With all the other good j>oints in its favour, concrete can be handled with 
comparative ease, and, providing the work is carried on under skilled supervision, it 
can be laid with a working force of relatively unskilled labour. It must be borne in 
mind, however, that the addition of a little cement to a quantity of stone and sand 
does not make concrete. There is no material which will respond so quickly to a little 
care, and if proper attention is given to the detail of mixing and curing it will well 
repay in quality and permanence. 

DRAINAGE AND FOUNDATION. 

Drainage and good foundation are necessary for any type of road, and on a concrete 
road the greater care there is taken in this respect the brtter will be the final result. 
r\ well-drained, well-compacted sub-grade will diminate cracks to a very large extent. 
Our county is flat, and, although some few sections are sandy, the subsoil is largely 
of a heavy, sticky clay, therefore not easily drained. 

One of the bad features alleged against concrete roads is the tendency to crack. 
In order to overcome this tendency, we prepare our subgrade as carefully as conditions 
permit, making it flat and rolling it hard and firm. Owing to temperature changes 
and the absorption of water, concrete is constantly in motion, and the flat subgr^e 
tends to overcome frictional resistance and thereby prevents longitudinal cracking. On 
the first concrete road built the subgrade was crowned to conform to the finished 
crown of the road, and what I term, for the want of a better name, an inverted curb 
was used. On this road and on the first concrete road built on Michigan Avenue, 
where practically the whole road is buik on a fill, we have developed more cracks than 
on all subsequent construction. These cracks, however, are well taken care of at a 
small expense, by the use of a hot, refined tar and sand. On our concrete roads it is 
the repair of ithese cracks that has made up surface maintenance cost, and with a well- 
drain^, well-rolled, firm subgrade cracks of all kinds are reduced to a minimum and 
are not to be seriously considered. We build our roads in 25-ft« sections to provide for 
contraction and expansion, believing it wise to make our lateral cracks beforehand, 
so as to properly protect their edges from chipping and spalling. A metal plate^ which 
is a development of previous experiments, is being used. Tliia plate is about A ^ 
thick and 3 in. wide, provided with shear members whidi tie it securely to the coricrete 
base and wearing surface. It is shaped to conform to the drown of the finished road, 
and two thickn^tses of 3-pty asphalted felt (about i in.) are inserted b^rweati the Wd 
plates at each joint. The use of these plates ha^s practically overcoif^ the Wear at the 
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jcints, which arc the weakest points in the concrete road, besides securing a smooth, 
even, continuous finish. 

Wayne County is poor in good road material and everything has to be imported. 
The best results were secured from the use of washed gravel ranging in size from 
J in, to ij in. and washed sand from i in. down. Freedom from loam, clay, or other 
foreign matter is absolutely insisted upon. We believe in a rich mix, using i part 
of cement to 3 parts of stone, with just a little more than enough sand to fill the voids 
in the stone. Our roads are constructed with a minimum thickness of 7 in. After our 
su'bgrade is prepared we place side rails of lumber 2 in. by 7 in., proUn^ted on the top 
by a 2-in. angle iron. The concrete is laid right on the natural subsoil, which is well 
sprinkled just previous to placing the concrete to prevent the water in the concrete 
from being absorb^ by capillary attraction. A wet mix is used that has been thoroughly 
mixed before being placed on the road. No tamping is necessary, although a couple of 
men are employed to work in it with shovels. It is not wise or desirable to have the 
mortar and fine aggregate worked to the top, as it is the stone which is to receive the 
wear. After the concrete is in place no workman is permitted in any way to disturb 
the finished surface by stepping on it or throwing anything on it. A plank trimmed to 
the curvature of the road and iron-'bound on the ^ges to give the road its proper 
shape is used. Two men saw this plank back and forth over the concrete, resting on 
the side rails or from boards at the sides of the concrete over which this strike-off 
rides smoothly. It is handled with sufficient care to eliminate the necessity for any 
considerable floating by the follow-up men. These follow-up men, or floaters, w'ork on 
a bridge which rests on the form boards or rails at .the side of the road, so that there 
is never any contact with the concrete. The final “ smoothing up ” is done with 
wooden floats of home manufacture. When the concrete has become sufficiently firm 
to permit the removal of the side rails, the finishers, to prevent a sharp division line 
between the concrete and the gravel shoulders, pare off the outer edges which are 
formed next to the rails. 

Each day’s work is finished up to an expansion joint, and not more than twenty 
minutes is permitted to elapse between batches laid in one day. The work of the day is 
covered with canvas, and the next day the canvas is removed, and, to prevent the 
concrete from drying out too rapidly, it is covered to the depth of about 2 in. with any 
sand or loose soil that -may be available. The concrete is sprinkled for eight days and 
roads are not opened for traffic until at least two weeks after the last concrete is put in 
place. 

Our trunk roads are built 16 ft. wide of concrete, and our secondary roads are 
built 15 ft. with a minimum width of 24 ft. over all. We have also built concrete roads 
with the metal 18 ft., 12 ft., and 10 ft. wide. The shoulders arc usually built of lime- 
stone or gravel in two layers of 3 in. each and rolled with a lo-ton. roller. This work 
is not started until the adjacent concrete is at least three weeks old. 

All work is done locally under the day labour plan, and in parts of the busy season 
as many as 1,200 workmen are employed and from 900 to 1,000 cars of materials a 
month handled, and we build a mile of road, in the aggregate, every three days. 
Machinery plays an important part in the work. Gasoline engines furnish the motive 
power. Concrete is mixed in a mechanical batch mixer, which travels under its own 
power, and from which a boom projects capable of being swung in a semi-circle. All 
work is specialised : one crew prepares the grade ; another gets the materials on the 
grade, which is done with such nicety as usually to make it unnecessary to haul in 
extra sand or pebbles to make a properly proportioned batch; another crew handles 
the concrete ; another builds the shoulders, etc. 

System is the keytiote of the whole organisation ; and when one considers that we 
are conducting a business enterprise spending $600,000 a year, with 1,000 to 1,200 men 
>jn^pfoyed iworkii^g,^ at joints 40 miles apart; that we are handling close 

, receiving daily repiwts, making up payrolls, tracing 

, materials, and handling a voluminous corre- 
’O# a big business are handled in the office by 
, (poimty of $6,225 ^ y^ar ; some idea may be had of 
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REINFORCED CONCRETE 
GRAND STAND FOR THE 
PUBLIC SCHOOL ATHLETIC 
FIELD, BROOKLYN, 
NEW YORK. 




By HAROLD L. ALT. 

The foltovjlng article on\ the erection of a reinforced grand stand at Brooklyn, Ne^ 

York, has many features or interest, and should claim the attention of those specialty 
interested in structures of this kind,— ED, 

In America, where much of the construction is new and the territory capable 
•of being- built over practically unlimited, w'e find many innovations along archi- 
tectural lines, and it is not surprising that, although concrete is perhaps the 
latest practically developed building material, it has already been adopted and 
utilised in many ways in an expeditious manner which in other countries 
(more conservative in practice) would be quite unlikely, and piThaps even im- 
possible to attain. It is a considerable novelty, however, even in American 
construction, to utilise reinforced concrete throughout in the building of grand 
stands, except in perhaps a few' of most recent construction. Even in these 
structural steel is generally used as a framework, with either a concrete or 
a w'ood flooring supported on the steel skeleton. 

A notable exception to this prevailing custom, nevertheless, is presented 
in the reinforced concrete grand stand which is nearing completion in the 
Borough of Brooklyn, City of New York, U.S.A. 

This stand is being built by the New York Board of Education on its athletic 
field, for the school children, which is maintained at the above site. The 
structure itself is being erected from designs laid out by Mr. C. B. J. Snyder, 
Architect and School Superintendent, who has complete charge of all the school 
buildings and other construction work carried out under the auspices of the 
Board of Education in the entire city. As far as the design itself is concerned, 
aside from the reinforcing details, which will be taken up later, there are several 
unusual features incorporated. 

Probably the novelty of greatest interest and of the most radical nature 
consists of concaving the front of the stand in such a manner as to render the 
entire track visible to those in the front rows without making it necessary to rise 
during the approach or recession of the contestants moving along the track in 
front of the stand. The concaving of the face of this stand is made just 
sufficient to eliminate this objectionable feature, as the track can be sighted 
through the hollow of the curve which in a straight stand would be obstructed 
by the front railing. 

The second notable feature consists of the removal of the stiperfluouiS 
hanger-on to a point where he is at least out of the way, if not eUminat^d. 
This is effected by depressing the standing room or area in front Of th|e stand 
and along the si^ of the track a distance of some 4 ft. and 6; icu below ibe 
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level of the track itself. This bring^s the heads and shoulders of those con- 
gregating along the edge of the track just a little above the track level, and 
permits of their assembling in this depressed area at any point in front of^the 
grand stand without cutting off the \iew of the stand spectators except for 
about i8 in. above the ground, to which height the heads and shoulders project. 
This feature is graphically shown in Fig. i, which is a typical cross section of 
the stand. 

Careful thought is also demonstiated in the arrangement of the judges* 
stand, which places the judges on three steps of different heights, so that their 



Fig. 1. Typical Cross Section of Stand 
Rbihpokcbo Comcrptb Grand Stand, Brooklyn, N Y 

angle of vision rises vertiedUy from the finish line, and not (as is usually the 
cate) b a line parallel to the track. 

The athletic track itself is enclosed on both sides with concrete curbing, 
In which braos markeril are boated by surveyors for a finish line and proper 
Starting points for diatSMies of lao, aao, 440, and 880 yards and one mile. 

Below the stand the space is utilised principally for two locker and dressing- 
rooms, a obfltkjfOOjlB, ond two toilet-rooms having been arranged ns shown in 
$4t 
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tRe plan, Fig. 2, with the check-room in the centre and one dressing-room 
and toilet-room on either side. 

•Fig. 5 shows the south half of the floor plan of the top of the structure 
(grand stand floor). A front elevation of the south half as the stand will 
appear when finished is shown in Fig. 3 and the rear elevation in Fig. 4. 

In regard to the concrete construction there were problems met with which 
are not to a great extent encountered in ordinary work. The compound cross- 
beam, shown in Fig. 6, which was originally designed as a simple beam with an 
overhung cantilever end, it was decided later to support on the overhang by 
small iron ix>sts. This was not because the beam itself is not strong enough 
to carry any reasonably supposed load, but in a structure of this kind unforeseen 
contingencies must be provided for. 

The walls of the building (with the exception of those of the boiler and coal 
room), the partitions, piers, girders, floor, stairs and gallery front are all of 
reinforediiNxmerete. The walls of the boiler and coal room, the retaining wall 
ijp front of the stand, and the concrete curbing around the track are of mono- 
lithic construction without reinforcing. The partition separating the connecting 
passage from the checking room is made up of panels of No. 8 wire, of in. 
mesh, which is set in ^-in. channel iron frames and supported with wrought iron 
pi|>e posts with flanged caps and bases, secured to the floor with expansion bolts. 

The forms used in this work were built in general of |-in. matched and 
planed material, with the stiffeners of 2 in. by 3 in., 3 in. by 4 in., 3 in. by 6 in., 
and 3 in. by 8 in. in size, being spaced respectively 16 in., 18 in., 20 in. and 24 in. 
on centres, this being determined by the various spans of slab and thickness of 
concrete supported. The forms were driven tightly together to prevent leakage, and 
braced and supported in a most careful manner to insure smooth faces and abso- 
lutely true lines to the work. It is easy to see that great stiffness was required in 
this part of the work, as the specifications limited the variation from the figured 
sizes given on the plans to not more than J in. These forms were maintained 
a proper distance apart by wooden spreaders, which were later replaced with 
2 in. by 2 in. concrete struts, of a length exactly equal to the thickness of the 
wall. These struts were placed as often as required and the <x>ncrete poured in 
around them, thus casting the struts into the wall permanently. 

The composition of the concrete used in the construction of the stand for 
all the piers, walls, and the retaining wall in front of the structure, together 
with the floor or roof slab, and the curbs about the running track, is composed 
of a mixture of one part Portland cement, two parts clean, sharp, medium coarse 
sand, and four parts of f-in, and f-in. stone. The J-in. stone is used for the 
vertical construction, and the f-in. in the grand stand floor. 

The cement used was tested as follows : — 

After 24 hours^ exposure in air when mixed neat, it had to stand a tensile 
stress of 200 lb. per sq. in. without rupture; and after 24 hours in adr and six 
days in water it was required to resist 500 lb. per sq. in. Further, it .wasv 
required to show an increased strength a/t the end of 28 days over whatever the 
tensile strength developed at the end of the first six. Practicatly aU the ooncj^te 
used was mixed dry in a batch mixer until the dry materials were thorooghly 
and evenly mixed (great attention being paid to this portion qf the wodc), alter 

3m ' : 
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which water was added and the mixing continued again until the batch was 
of an absolutely uniform character and colour throughout, and until the mortar 
was •evenly distributed through the mass of stone. This unset concrete was not 
allowed to stand, but was immediately deposited as soon as the mixing was 
completed, any excess that was left for a f>eriod of longer than two hours not 
being allowed to be used ^r even retempered. 

In placing the concrete in the forms it was used at a consistency so that 
it would quake in the wheelbarrows but not so thin as to allow the stones 
t(; settle to the bottom. In the heavy walls it was puddled into position with a 
puddling bar, but in the thin 4-in. walls it was settled into place with the assist- 
ance of hamn»ering on either side of the forms while the mixture was being 
deposited. The concrete was handled mainly by means of inclined runways, up 
which it was wheeled in barrows, the incline of the stand making this means 
peculiarly suitable. In casting the high columns in the back a hoiist was used 
(since these were poured first), and the concrete was raised by the bucketful with 
a rope run through a single sheave, which vras attached to a cross piece tem- 
porarily susj>ended from the form work for the columns. 

After placing the concrete the top .surfaces were protected from the sun 
with a covering and were amply sprayed, especially during the first 24 hours. 

"J'he reinforcing was, in general, of rods, with the exception of the wire mesh 
used in the grand stand floor. 'Phis wire reinforcement is of 4-in. mesh, with 
No. () longitudinal wires and No. 12 J-in. diagonal tension wires, being made 
by the American Steel and Wire Co. 'Phe reinforcing rods were furnished by 
the Corrugated Bar Co., of Hufl'alo, F/g. f) shows the method of rein- 

forcement at the stairways. 

In the beginning of the work experiments were made with various compounds, 
with the idea of producing a smooth finished surface on the concrete and to pre- 
vent slicking. Among these might be mentioned crude oil, soap, oil paper, etc., 
all of which did much toward helping out the sticking part, but very little toward 
eliminating the lumber marks of the form boards. Finally the inside of all the 
forms was covered with galvanised sheet iron, and this method was followed 
ihroLighoiit. After the foundations were poured, the piers were built up separately 
to the lower side of the cross girders, being allowed to stand thus for 24 hours 
before the curtain walls, girders, and the lop of the grand stand were started. 
The girders were notched and halved together, and where the curtain walls, 
panels, etc., weie to be cast later, short iron rod dowel pins were used, which 
were thoroughly greased and cast into both sections of the concrete. Although 
the pouring of the skeleton and the walls of each section, extending from the 
foundation to the underside of the girders, was stopped temporarily during the 
night, no longer period of suspension was permitted ; and even when thus stopped 
the concrete was brought up to and finished against a metal strip, so as to 
leave a sharp, even, and fine luiir joint when the additional concrete was poured. 
Upon resuming work after a suspension of this kind the surface of the previous 
construction was roughened up, then thoroughly cleaned and wet down, after 
which It was Hushed off with a cement mortar composed of one part of Portland 
cement and two parts sand, whereupon the work was immediately continued. 
The grand stand fioor was built in panels reaching from girder tp'^girder 

Mi 
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Figs. 4 and 5. Showing South Half of Rear Elevation of Stand and Floor Plans of Top of Structure. 
Reinforced Concrete Gr\nd Stand, liRooKL\N. N.V. 
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^and extending half-way across. The rods which were used as connection dowels 
here were also greased, and the panels were extended from the front of the stand 
to^the rear and sideways from girder to girder until completion, without ceasing 
the work during this time. The back columns and pilasters were built separately 
and the panels between were filled in later. The expansion joints, consisting of 
two vertical joints, formed the entire length of the stand, together w'ilh ten 
joints in the fl<x)r slab Wer the girders and spaced about 24 ft. apart. All of 
these joints were filled with mineral wax and oakum. 

All necessary smrill holes required to be placed in the concrete were formed 



Fig. 6. Cross Section showing Construction and Reinforcement, 
Reinforced Concrete Grand Stand, Brooki-fn, N.Y. 


with tapered wooden plugs, which were dipped in paraffin so as to make them 
impervious to water and to assist in their removal. The railing supfiorts con- 
sist of round bar anchors threaded and provided with nuts and locknuts, which 
were cast in the concrete at the points required. The seats are supported on 
2 in. by i in. wrought iron brackets, which are dearly shown in structural 
position in the photographs, and the seats themselves are formed fey wpoden 
strips laid along these brackets and fastened thereto. 

The br.ackets have the lower arm resting on a short, cross piece of angle 
iron ivhich takes the weight of the seat, Awhile the upper end is extended through 
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the riser of the step with \\*iilier and .i nut pLiced on the inside. After the 
pLicing' of lhc»c bracket'' .ill the holes were filled up with a i- j cement mort.ir 



|*lii 7 tttd 8. 8ho#ti«8 and Rear of Stand. 
ItBlNrOHBD CONCitBT* GftANO Si AND. 8kOOKL\N. N Y. 


mixture^ during which i^ration the surrounding sui faces were kept well wet. 
The top dressing of jliessage and entire grand stand floor, including the risers 
S+8 
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*()f the steps, is composed of i-in. finishing coat mixed from one part Portland 
cement, one part sand, and one part grit; this was put down at one and the 
salnc time with the rest of the fl<xir and was floated to a true and smooth 
finish. As soon as the forms could be pulled, and before the initial set had 
taken place, the entire outer surface was trowelled to a polish and all the 
corniTs and edges were»rounded off. 

The outside of all the walls and piers was floated down with a wooden float 
and the imperfections removed. The window frames were set in a good bed of 
r<Kifers’ cement. "J'he outside walls were given a coat of white lead and Rock- 
away Beach seashore sand, and the iiiside walls and ceiling were rubbed down 
with a wire brush ready for painting. 

The pavements laid in the area in front of the grand stand are built up as 
follows : — First a 7-in. bed of clean steam cinders was put down, over which was 



Firt. 9. Plan of Step Reinforcement. 
Ricinforckij CoNrpKiK Grand Stand, Brooklyn, N.Y. 


spread 4 in. of broken stone concrete, and over the top of this a i-in. coal of 
dressing, which was carefully trowelled, then roughened with a toothed wheel 
and marked off into squares. The concrete used on this part of the work 
consisted of a mixture of one part Portland cement, two parts sand, and five 
parts of broken stone which will pass through a i^-in. ring; the lop dressing 
is composed of a very rich mixture, namely, one part of Portland cement to one 
part of sand. 

The running track i.s made up of the following : — 

A filling is first deposited (consisting of broken stone that w ill pass through 
a 2-in. screen), which is placed on top of a well-tampcd bed of earth; the 
broken stone layer running from 3 in. to 6 in. thick and covered with 3 in. of 
clean rolled steam cinders, and then 3 in. more of i-in. screen cinders mixed 
with clay in the proportion of two parts of cinders to three parts of clay. This 
entire mass w'as then rolled with a steam roller to a hard and even surface and 
well sprinkled. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes* 

The method vie are adopting, of dividing the subiects into sections, is, V)e believe, a 
netu departure*— ED* 
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ECONOMY IN REINFORCED CONCRETE DESIGN. 


MR. JOHN A. DAVENPORT, M.Sc. (Vicf.), B.Eng. (Liverpool). 
A 883 c.M.In 8 LC.E.. A.M.I.Mcch.E.. M.C.I. 

The following is an abstract of a Paper read at the 33rd Ordinary General Meeting of 
the Institute, The various Tables comprised in the Paper are only given here in 
summarised form, A short summary of the discussion is also given. 


FART I, 


Introduction. 


The quCvStion- of <T()noniy in r-einforced concrete d<‘sign may discussed with roj^ard 
to : (1) The engineering structure; (2) the architectural structure. 

In order to design wonomical reinforced concrete structures many factors have to 
be considered, some of which vary in all cases, but {here are three fundamental points 
which influence all structures in the same way, and these are : (1) The effect of ibeam 
j ' section on economy ; (2) the effect of percentage 

' Cost of Beams 10 ft ', of Moment of sh^el on economy ; (3) the effect of layout or 

I Resistance = 500,000 lh.~tn. for Various arrangement of beams, columns, etc., on 
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economy. 

The total cost of any reinforced concrete 
structure, whether a single slab, column, a 
whole floor, or a complete frame, will be the 
sum of the total costs of the three items : Con- 
crete, steel, and centering, and these, in their 
turn, will depend upon the unit costs. Now 
these unit costs will vary for different parts of 
the one complex structure, but not for any 
single member; so that while a mathematical 
expression for a single member is possible it 
would be impossible, owing to the very large 
number of variable quantities involved, to 
deduce a mathematical general expression for 
all classes of structure, simple and complex. 

The following unit costs are taken 
throughout : — 

Concrete in beams and columns... 40s. per cu. yd. 
Concrete in slabs (per in. of 

depth) IS. per sup. yd. 

Centeringf to be&ms and (X}lumns as. per sup. yd. 
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Centering to slabs 

Steel in column laterals (bent and fixed) 
Steel, main reinforcement (bent and fixed) 


Table II. 

Cosi of Beams lo ft. long, of Moments of Resist- 
ance — 1,000,000, 2,000,000, and ^,000,000 Ib.-tn. 

for Various Ratios of 

b 


Per rt'iit. 



Total Cost 

R in lb.- in. 

d-\-i 

In Shillings 

Steel. 

b 

of Beams 

10 ft. long. 


i-o S.S. 

1,000,000 

3 

56-39 

,, 

1,000,000 


58-10 

,, 

1,000,000 

2 

61-58 

l> • • ■ 

1,000,000 


66-05 


1,000,000 

I 

73-58 


2,000,000 

3 

84-92 


2,000,000 

2i 

88-30 


2,000,000 

2 

93-73 

• . 

2,000,000 


101-06 


2.000,000 

I 

113-60 


4,000,000 

3 

128-76 

n • • • 

4,000,000 

2i 

i 34 - 3 « 


4,000,000 

2 

143-18 

ff ... 

4,000,000 


154-76 

I’oiS.s. 

4,000,000 

I 

174-70 

1,000,000 

3 

55-64 

>1 

1,000,000 

2^ 

57-84 


1,000,000 

2 

61-30 

ji • • • 

1,000,000 

li 

66-38 

.. 

1,000,000 

z 

74-85 

.1 

2,000,000 

3 

84-49 


2,000,000 

24 

88-10 


2,000,000 

2 

93-71 


2,000,000 

li 

101-90 


1 2,000,000 

I 

115-42 


4,000,000 

3 

128-56 


4,000,000 

2^ 

134-40 


4,000,000 

2 

143-44 

1. 

4,000,000 


156-70 



4,000,000 

I 

178-00 

T beams | 

1 ,000,000 

3 

33-61 

1 ,000,000 

2i 

34-48 

with 4 “in. 1 

1,000,000 

2 

36-16 

slabs j 

1,000,000 


30-22 


1,000,000 

I 

44-41 

T beams 

2,000,000 

3 

49*32 

2,000,000 

H 

51*41 

with 6-in. 
slabs 

2,000,000 

2,000,000 

2 

li 

55*03 

58-79 


2,000,000 

I 

67-68 

T beams ( 

4,000,000 

3 

74*35 

4,000,000 

21 

78-27 

with S-in. ■{ 

4,000,000 

2 

83-17 

slabs 

4,000,000 

II 

91-04 

* 1 

4,000,000 

I 

97-76 


” This section (23 in. by 19 in.) has not the 
ne ratio of because any smaller depth 

with an 8-in. slab would have the neutral axis 
in the slab. It is therefore taken as the shal- 
lou'est possible T-beam section, and not because 

b 


meat oa EMaamy la 

The cjost of plain beams with 
variems percentages of single and 
double reinforcement are calculated 
by the expressions already stated, and 
given in Table III., for a moment of 

. resistance of 500,000 Ib.-in. Single 

reinforcement from o‘6 to i’6 and double reinforcement from 0*5 to 3 per cent., are taken. 

. 15 * 


Ooo lb. per sq. in. 
16,000 lb. i>er scj. in. 

16,000 lb. per sq. in. 


IS. 6d. per sup. yd. 

per ton. 

;^io per ton. 

The stresses used in calculating 
sizes are ; — 

Compressive stress in 
concrete (ctilumns 
.'ind beams) 

Tensile stress in steel 
Comi)ressive ^stress in 
steel (mfixfmum in 
columns) 

PART II. 

The Economical Beam Sactlon. 

'J'o determine the economical beam 
section it will be necessary to consider 
various ratios of depth to breadth, and 
various percentages, both of single and 
double reinforcement. The effect of 
varying the ratio of depth to breadth i.s 
first dealt with for a fixetl percentage 
tension rein fiir cement, and a definite 
moment of resistance. 'I'he effect of 
variation oif percentage reinforcement 
and moment of resistance are then con- 
siden'd, after having dettTmined the 
most economical ratio of depth to 
breadth. The tension reinforcement is 
firstly taken as I’o per cent, for all 
f>lain .sections, the doubly-reinforced 
lK*ams having various fK'rcx'ntagCiS i>f 
compression steel, and the moment of 
resistance is 500,000 lbs. 

Notes on Table I. 

An inspection of Tables I. and 11 . 
rev<*als s<*veral im)K>rtant facts r-elating 
to the economy of Ix'ams, and these 
are : — 

1. For similar loadings, a corr^rtly 
designed T-beam section is much more 
economical than any other. 

2. lM>r similar loadings, doubly- 
reinforced plain beams, with the same 
area of steel top and bottom, are more 
economical than singly-reinforcxHl plain 
beams wlxm the ratio of total depth 
to breadth is 2 or more; but they are 
less economical than singly-reinforced 
beams when the ratio of depth to 
breadth is less than 2. 

3. For all types of section a ratio 
of depth to breadth of 3 is more 
economical than any smaller ratio. 
Eff«et of Varying Porp^g^o Rolafbrcc- 
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The important conclusioni; revealed by the table are — 

I For plain beams the most economical single reinforoenient percentag«‘ is froaii 

1 to 1*2. 


Table III. 


Hffect if Varying Percentage on Cost of 
Beam lo ji. long for B = '>00,000 Ih.-in. 


Per cent. 
Steel. 

k. 

Total Cost 
in Shillings 
of Beams 

10 ft. long. 

0-6 S.S. ... 



37*51 

0-8 SS. ... 

— 

37*73 

1*0 S.S. 

— 

37*54 

1-2 S.S. ... 

— 

37*45 

i'4 S.S. 

— 

37*79 

1*6 S.S. ... 

— 

37-82 

0-5 D.S. ... 

I 

38-66 


f 

38-81 


\ 

38*78 

• • • 

i 

39-10 

10 D..S. ... 

I 

37*02 

,, ... 


37*15 

„ 

i 

.37*32 

,, 

1 

37*39 

2-0 D.S. ... 

I 

38-07 

>» ••• 

1 

38*24 

>• ... 


38-07 

11 

1 

,38-74 

3*0 D.S. ... 

I 

.39*74 

>» ••• 

f 

40-22 

II • • • 


40-58 


1 

41*39 


Tabie IV. 

Ratio of Total Load to Total Cost for 
Columns with i per cent. Main Steel and 
t ifferent Hoopings. 



2. For plain beams the most econoi'lilcal 
double reinforcement percentage is i, 
with equal tension and mnipression 
steel. 

Economy In Reinforced Concrete Benm 
Construction. 

(a) Reinforced concrete T-bcams, corrcn tly 
designed, with the total depth three liiiK's the 
breadth of web, are more ecxTinomical than any 
other section, for all values of unit cost find 
loading. 

(h) For plain beams, reinforced in any way 
whatever, the most e<*onomical ratio of deplli to 
breadth is 3, for all values of unit erxst and 
loading. 

(c) Fi>r si ngly-r(Min forced plain lM*ams, th<* 
most economical reinforcement percentage runs 
from I to T‘2, for all values of unit cost and 
loading. 

(d) For doubly-reinfore'ed f)lain beams, the 
most economical reinforcement p(‘rc<*ntag<* is 1, 
with equfil tension and compression steed, for all 
values of unit cost and loading. 

(e) Plain beams doubly^einforced mav Ix' 
more economical than similar b(*ams simd' - 
reinforc<*d, the relative economies dej>ending 
upon the values of unit cost and ratio of d<if|3th 
to breadth of section, but not to any appreciable 
extent upon the loading. 

The foregoing conclusions are cjiiite in- 
dependent of any economies elT^'ctod hv adf>nt- 
ing uniform sections throughout a design. 

PART III. 

The Economicel Column Section. 

Square columns only will b'j considered in 
this part because they are oftener used in 
in forced ix>ncrete frame construction than any 
other s(‘ction. 

The relative values of cost pcT ton of load 
will be practically the same for percx'ntages of 
main neinforcemenit other -than 1, so thrit 
Table IV. shmvs that the effect of v.ariatiors in 
lateral reinforcement is — 

1. For a fixed diameter of lateral the 
greatest economy of space <X'curs when the 
laterals are closest. 

2. For a fixed spacing of laterals the 
greatest economy of vSpace occurs when the 
diameter of lateral is largest. 

3. For a fixed diameter of lateral the 

greatest economy of cost occurs when the 
spacing is closest. ^ 

4. For a fixed spacing of laterals the 
g^atest ecorKMny of cost occurs when the 
diameter of lateral is least. 

5. For a fixed spacing and diameter of 
laterals, the cost of the laterals is the same for 
all sizes of colupins. 

The results of Tables IV. and V. may 
now be summarised as follows : — 
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Economy In Roinforcod Coneroto (Sqvoro) Column Conotrrctlon. 

(/) For ordinary values of unit cost, square columns, helically reinforced, are most 
economical oif cost when the diameter of lateral is small, the pitch of lateral is o*2 the 
bieadth of core, and the percentage lon^^itiidinal sU*el is high. 

(g) Increased economy of cost will result 
from the use of longitudinal reinforamient 
having a lowtn* yield point than ordinary mild 
steel, provided such material be cheapcT than 
mild steel. 

(h) The greatest economy of space is ob- 
tained by using hirge diamotin* lateraK, pitched 
at 0*2 the breadth of ixyre, and a high ix‘r- 
contage of longitudinal roinforcemenl. 


Table V. 

'Effect of Varying Percentage Longitudinal 
Reinforcement on Cost. 


Size of 
Core. 
b in. 

Diameter 

of 

Hooping. 
d in. 


Total Cost 

10 X 10 

fa 

0*26 

0-893 

10 X 10 


0‘2b 

0-889 

10 X 10 

A 

0-2b 

0-873 

lox 10 

rW 

I 0-26 

0-861 

10 X 10 

r« 

0'2b 

0-851 

10 X 10 

A 

0'2h 

0-842 

lOX lO 

IB 

0'2b 

0-834 

6x6 

A 

0-2b 

1-216 

6x6 

A 

0'2b 

1-202 

6x6 

l'*B 

0'2b 

1-130 

6x6 

A 

0‘2h 

l-OQI 

6x6 

A 

0-2b 

1-052 

6X6 

s 

” I 

0‘2b 

1-018 

Superloads of from J 

to 4 cwt., 


PART IV. 

Economy In Slob, Boom, ond Column 
Construction. 

A fl(x>r of breadth 20 ft. and length varying 
with the slab spans, as will b<* mor<* clearly 
seen later, is taken. This is divided into ten 
bays, supported by nine beams 20 ft. long 
Ix'twecn the walls, and by the walls all ri>u.nd 
the outside, edge. The beams ar<* tiiken as sup- 
po*rted at three jKviiiils by the addition of a row of 
columns running down the middle of the floor, 
[incing by J cwt., and slabs of from i in. to 8 in. 
total thickness, advancing by 4 in., are taken. The slabs are designed as continuous 
slabs, with the four different percentages 0*6, o‘8, ro, 1*2 single reinforcement, as it is 
expected that the most economical percentage will be included in this range. 


Table VI. 

Slab with o*6 per cent. 
Single Reinforcement 
and l"in. Cover. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

1 

2-60 


3-20 

2 

3-80 

2 l 

4*39 

3 

4*99 

3i 

.V59 

4 

6- 1 9 

4i 

6*79 

5 

7*39 

5| 

7-98 

6 

8-58 

6i 

9-18 

7 

9-78 

7i 

10*38 

8 

10-98 


Table VII. 

Slab with o-8 per cent. 
Single Reinforcement 
and \-in. Cover. 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

2-63 


3-26 

2 

3-89 

2k 

4-53 

3 

5-16 

3l 

5-79 

4 

6-42 

a\ 

705 

5 

7*68 


8-31 

6 

8*94 


9*57 

7 

10-21 

7k 

10*84 

8 

11*47 


Table VIII. 

Slab with i*o per cent. 
Single Reinforcement 
and \-in. Cover. 


Table IX. 

Slab with 1*2 per cerU. 
Single Reinforcement ! 
and Cover. | 


Thick- 
ness of 
Slab. 
Ins. 


1 

li 

2 

2l 

3 

3i 

4 

4i 

5 

6 

64 

7 

I* 


Total 

Thick- 

Total 

Cost in 

ness of 

Cost in 

Shillings 

Slab. 

Shillings 

per sup. yd. 

Ins. 

1 

per sup. yd. 

2-66 

I 

2-70 

3'33 

ik 

3*39 

3*99 

2 

4-00 

4-66 

2 ! 

4*79 

5*32 

3 

. 5*48 

5*98 

3I 

6-18 

6*65 

4 

6-88 

7*31 

4I 

7*57 

7*98 

5 

8-27 

8-64 

5k 

8-97 

9-30 

6 

9*67 

9-97 

61 

10-36 

xo -63 

7 

11 -06 

11*30 

7i 

11*76 

11-96 

8 

12-45 


The cost of slabs alone is taken first, and then- the combinations of slabs, beams, 
and columns are afterwards considered. 

Ecoaomy la Plata Ralaforcad Coacrata Slabs, 

The costs of plain slabs are given in Tables VI., VII., VIII., and IX., correspond- 
ing to 0*6, 0*8, 1*0, 1*2 per cent, single reinforcement. For every thickness of slab from 
T in. to 8 in., advancing by i in., the slab span is calculated for the superloads i, ij, 2, 
3i 3i» 4 cwt. per sq. ft., this figure being necessary to get the length of floor and 
then the area of floor. 
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Economy in Slnb nnd Beam Construction. 

Here we have T^beams of 20 ft. span, supporting slabs of various thicknesses and 
re inforced with various percentages of steel, the cost being worked out per super yard, 
under the head of beams and slab, and the total cost obtained by addition. It is not 



Table X. 

Table XI. 

Table XII. 

Table XIII. 

Cost 

per Sup. Yd. ; 

Cost per Sup. \d. 

Cost per Sup. Yd. | 

Cost per Sup. Yd. 

of 

Beam and Slab \ 

' of Beam and Slab 

; of Beam and Slab 1 

of Beam and Slab 

Floors to carry i cwt. ' 

Floors to carry 1 cwt. 

Floors to carry 1 cwt. \ 

Floors to carry 1 cwt. 

per 

Sq. Ft, Super- | 

per Sq. Ft. Super- 

per Sq. Ft. Super- , 

' per Sq. Ft. Super- 

load. Non-continu- > 

load. b:on-continu- 

load. Non-continu- 

load. Non-continu- 

OHS 

T beams of 20 ft. ' 

ous T beams of 20 ft. 

ous T beams of 20 ft. 

ous T beams of 20 ft. 

Span and Slab with 

Span and Slab with 

Span and Slab with 

Span and Slab with 

0*6 

per cent. Single 

0-8 per cent. Single 

, 1*0 per cent. Single 

T-2 per cent. Single 

Reinforcement. 

Reinforcement. 

Reinforcement. 

Reinforcement. 

Thick- 1 Total 

Thick- 1 Total 

1 1 

Thick- Total 

Thick- 1 Total 

ness 

of i . Cost ill 

1 ness of Cost in 

i ness of Cost in 

ness of i Cost ill 

Slab. ! Shillings 

Slab. Shillings 

Slab. Shillings 

1 Slab. Shillings 

Ins 

. per sup. yd. 1 

Ins. per sup. yd. 

Ins. per sup. yd. 

Ins. per sup. yd 

I 

8*7 

1 87 ! 

! I 8-7 

I 8*6 

li 

1 7-4 

7*.*) 

I h 7*5 

li 7-5 

2 

; 7-2 

2 7*3 1 

2 7-4 

2 7*4 


1 7*4 

2A 7-5 

2S 7*6 

2i 7-7 

3 

7.7 

1 3 7-0 

3 8-0 

3 8-1 


8-1 

1 3i 8-3 1 

3i 8-5 

3l 8-6 

4 

8-6 

4 8*8 1 

4 0*0 

4 9-2 

4i 

9-1 

4^ 9*3 

4h 9-5 

9-8 

5 

9*6 

1 5 9*9 

5 10*2 

5 10-4 


lO'I 

' 5^ 10-4 

10-7 

5^ ii-i 

6 

i 10-7 

6 ii’O 1 

6 11*4 

6 11*7 


11*3 

61 11-6 i 

6^ 12-0 

(d 12-4 

7 

ll'8 

7 12*2 1 

7 12*6 

7 13*0 

7l 

1 12*4 

7i 12-8 1 

75 i.r3 

7i 13*7 

8 

'i 13*0 

8 ^3*5 

8 1.1-9 

8 14-4 


Table X\. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 2 cwt. | 
per Sq. Ft. Super - 1 
load. Non-continu - 1 
ous T beams of 20 ft. ! 
Span and Slab with I 
0*6 per cent. Single | 
j Reinforcement. \ 


Table XI a. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 2 cwt. 
per Sq. Ft. Super- 
load. Non-continu- 
ous T beams of 20 ft. 
Span and Slab with 
0*8 per cent. Single 
Reinforcement. 


Table XII 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 2 cud. 
per Sq. Ft. Super- 
load. Non-continu- 
ous T beams of 20 ft. 
Span and Slab with 
I’O per cent. Single 
Reinforcement. 


Table XIIU. 

Cost per Sup. Yd. \ 
of Beam and Slab ; 
Floors to carry 2 cwt. | 
per Sq. Ft. Super- j 
load. Non-continu- 
ous T beams of 20 ft. , 
Span and Slab with 1 
1-2 per cent. Single \ 
Reinforcement. \ 


Thick- 

Total 

Thick- 

Total 

Thick-. 

Total 

Thick- 

Total 

ness of 

Cost in 

ness of 

Cost in 

ness of 

Cost in 

ness of 

Cost ill 

Slab 

Shillings 

Slab. 

Shillings 

Slab. 

Shillings 

Slab. 

Shillings 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

13-03 

I 

13-04 

I 

13-02 

I 

12-94 

a 

lO-IQ 

li 

10-27 


10-29 


10-27 

2 

9-48 

2 

9-50 

2 

9-58 

2 

9-60 


9*25 

ai 

9.32 

2I 

9-39 

2i 

9-51 


9-29 

3 , 

9 - 4.3 

3 , 

9*56 

3 

9-66 


9*52 


9-70 


9*85 

3 ^ 

10-02 


9*85 

4 , 

10-03 

4 

10-26 

4 

10-45 


10-27 

4 i 

10-50 

4t 

10-73 

4 i 

10-96 


10'68 


10-97 

5 

11-24 

5 

11-50 

5 i 

11-10 


11-48 


11-77 

5 h 

12-07 

6 

11-68 

6 

12-00 

5 

12-35 

6 

12-65 


12-19 


Ia-55 

6 i 

12-92 

61 

13-26 



7 , 

13^12 

7 

13-51 

7 

I 3'89 



7 i 

13*64 

Zi 

14-09 

7 h 

14-54 


mi 


14-26 


14-71 

8 

15-17 


Jjf: 
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proposc'd to deal with all the super loads already j^iven, but to deal completely with 
I LWt., 2 cwt., 3 cwt., and 4 cwt. per sq. ft. 


Table Xb. 

Cost Iyer Sup. Yd. 
of Beam and Slab 
Floors to carry 3 cwt. | 
per Sq. Ft. Super- 
load. Xon-continu- I 
ous 7' beams of 20 ft. 
Span and Slab with 
f)*0 per cent. Single 
Reinforcement. 


Thick- 

Total 

ness of 1 

1 Cost in 

Slab. 

Shillings 

Ins. 

]'er sup. y( 


1 

17-2 


13-0 

c 

11*5 

2* 

ii-o 

3 i 

10-8 

3I 

10*0 

1 

ii’i 

4.1 

II-4 

5, 1 

11-8 


12*2 

6 

12-6 

H 

i3-r 

7 1 

13-6 

1 

14-4 

H 

14*7 


Tabik Xc. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 4 cwt. 
per Sq. Ft. Super- 
load. Son-continu- 
ous T beams of 20 ft. 
Span and Slab ivith 
0*6 per cent. Single 
Reinforcement. 


Thick- 

Total 

ness of 

Cost ill 

Slab. 

Shillings 

Tns. 

per sup. yd. 


I 

21-2 


13-6 

2 

13-5 


12-7 

3 

12-3 


I2-I 

4 

I2'2 

; 

12-5 

5 1 

12*8 

5i i 

13*1 

6 

13*5 

6^ j 

14*0 

7^ 

14*4 

7i ' 

14*0 

8 

13*3 


Table XIb. 

Cost per Sup. Yd. , 
of Beam and Slab 
Floors to carry 3 ctvt. ' 
per Sq. Ft. Super - 1 
load. Non-continu- ' 
ous T beams of 20 ft. ' 
Span and Slab with , 
0*8 per cent. Single 
Reinforcement. ' 


Thick- 

Total 

ness t)f 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 


ih 

17-2 

13-0 

2 

11-5 


11*0 

3 

lo-t) 

3 I 

ll-o 

4 

11*3 

4i 

1 1 -6 

5 

12*1 

5i 

12-5 

6 

13*0 

6^ 

I3-.5 

7 

14*0 

7A 

14-5 

8 




Table 

Xlc. 


Cost 

per 

Sup. 

Yd. 

of 

Beam 

and 

Slab 


Floors to carry 4 cui. 
per Sq. Ft. Super- 
load. Non-continu- 
ous T beams of 20 ft. 
Span and Slab with 
0*8 per cent. Single 
Reinforcement. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

21*0 


1.5-5 

2 

13-5 


12*7 

3 

12*3 

3^ 

12-3 

4 

12-4 

4^ 

12*7 . 

5, 

130 


13*4 

6 

13-8 


I4'3 

7 

14*8 

7i 

*5-3 

8 

15-8 


Table XIIb. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 3 cwt. 
per Sq. Ft. Super- 
load. Non-continii- 
ous T beams of 20 ft. 
span and Slab with 
1*0 per cent. Single 
Reinforcement. 


Thick- Total 
ness of Cost in 
Slab. Shillings 

Ins. per sup. yd. 


I 

I7-I 

li 

I2-(J 

2 

11-6 

2^ 

ir-r 

3 

11*0 

3i 

11-2 

4 

11-5 

4i 

11-8 

5 

12-3 

5i 

12-8 

6 

13*3 

H 

13-8 

7 

14-3 

7l 

ifO 

8 

lyG 


Table Xllc. 

Cost per Sup. Yd* 

of Beam and Slab 

Floors to carry 4 cwt. 

per Sq. Ft. Super- 

load. 

Non-coniinu- 

ous T beams of 20 ft. 

Span and Slab with 

I per 

cent. Single 

Reinforcement. 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

20-8 


15-5 

2 

13-5 

2\ 

127 

3 

12-5 

3i 

12*4 

4 

12-6 


12-9 

5 

13*3 

5i 

137 

6 

I4-I 


14-6 

7 

I5-I 

7\ 

157 

8 

i 

I6*2 


Table XIIIb. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 3 cwt. 
per Sq. Ft. Super- 
load. Xon-continU' 
ous T beams of 20 ft. 
Span and Slab with 
1-2 per cent. Single 
Reinforcement. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 


i6-8 

i4 

12-9 

2 

11-6 

2^ 

11*2 

3 ' 

II-I 

3i 

11-3 

4 

117 

44 

12*0 

5 

12-5 


I3-I 

6 

1.3-6 


14-2 

7 

14-8 

7l 

15-3 

8 

1 6-0 


Table Xlllc. 

: Cost per Sup. Yd. 

1 of Beam and Slab 

Floors to carry 4 civt. 

per Sq. Ft. Super- 

load. 

Non-continu- 

ous T beams of 20 ft. 

Span and Slabs with 

1*2 per cent. Single 

Reinforcement. 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ills. 

per sup. yd. 

I 

20*8 

u 

15*4 

2 

13-5 

24 

12*8 

3 

12*6 

3 i 

12*6 

4 

12*8 

1 44 

I 3 -I 

' 5 , 

I 3-3 

. .*54 

14*0 

6 

U -5 

1 64 

15-0 

; 7 

15*5 

* 74 

i6*i • 

8 

) 

167 


355 



TUB OOWCRBTB IBSTITVTB. 


mrarm 


The calculated results arc j*iven in sumniaristHl form in Tables X, Xa, Xb, Xc', to 
XITI., XIIlA, XlIlB, and XIIIc. 


I Table XIV. j 

i Cost of Slab, Beam, and ' 
Column Construction , ! 
to carry i cwt. per \ 
Sg. Ft. Superload. ; 
yon-continuous T ' 
beams of lo ft. Span 
and Slab with 0*6 per j 
cent. Single Rein- \ 
forcement. 


Thick- 

Total 1 

ness of 

Cost in 1 

Slab. 

Shillings 

Ins. 

! 

per sup. yd. 

1 1 

71 

H 

6-0 

2 

6-0 

2i 

6-4 

3 

6-8 

3l 

7*3 

4 

7-8 

. 4i 

8*4 

' 5 

8*f) 1 


9-4 


lO'O 

64 

10-5 

7 

ii-i 

' 74 

117 

i 8 

12-3 


Table XV. 

Cost of Slab, Beam, and 
Column Construction 
to carry i cwt. per 
Sq. Ft. Superload. 
Non-continuous T 
beams of lo ft. Span 
and Slab with o*8 per 
cent. Single Rein- 
forcement. 


I Table XVI. 

Cost of Slab, Beam, and . 
Column Construction 
to carry i fwt. per 
Sq. Ft. Superload. 
Non-continuous T 
beams of lo ft. Span, 
and Slab with i per 
cent. Single Rein- 
forcement. 


Table XVTI. 

Cost of .Slab, Beam, and 
Column Construction 
to carry i w/. per 
Sq. Ft. Superload. 
Non-continuous T 
beams of lo ft. Span 
and Slab with i-2 per 
cent. Single Rein- 
forcement. 


Thick- 

1 

Total 

Thick- 

Total 

Thick- 

Total 

ness of 

Cost in 1 

ness of 

Cost in 

ness of 

Cost in 

Slab. 

Shillings i 

Slab. 

Shillings 

Slab. 

Shillings 

Ins. 

per sup. yd. i 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

71 

I 

7-0 

I 

7-0 

U 

6-0 

14 

6-0 

i4 

6*0 

2 

61 

2 

6*2 

2 

6-3 ' 

24 

6-5 

24 

6-6 

24 

6-7 

3 

70 

3 

7-1 

3 

7*2 

34 

7*5 

i 34 “ 

77 1 

34 

7-8 

4 

8*1 


8-3 1 

4 

8’5 

44 

8-6 

44 

8-8 

44 

9*1 

5 

9*2 

5 

9-4 

3 

97 

54 

97 

54 

lo-i 

54 

TOM 

6 

10-3 

6 

107 

6 

ri'O 

64 

10*9 

64 

1 1 -3 

64 

117 

7 

“•5 

7 

II-9 

7 

12-4 

74 

I2'l 

74 

12*6 

74 

13-0 

8 

12*8 ! 

8 

13*2 

8 

137 


I Table XIVa. 

! Cost of Slab, Beam, and 
j Column Construction 

\ to carry 2 cwt. per 

Sq. Ft. Superload. 
Non-continuous T | 
beams of 10 ft. Span [ 
and Slab with o-6 per 
cent. Single Rein- \ 
forcement. 


I Table XVa. I 

i Cost of Slab, Beam, and j 
r olumn Construction \ 
to carry 2 cud. per 
Sq. Ft. Superload. 
Non-continuous T 
beams of 10 ft. Span 
and Slab with o*8 per 
cent. Single Rein- 
forcement. 


Table XVIa. 1 

Cost of .Slab, Beam, and , 
Column C onstruction ' 
to carry 2 cwt. per 
Sq. Ft. Supeiload. 
Non-continuous T i 
beams of lo ft. Span I 
and Slab with 1 per , 
cent. Single Rein- \ 
forcement. \ 


Table XVIIa. 

Cost of Slab, Beam, and 
Column Construction 
to carry 2 cwt. per 
Sq. Ft. Superload. ^ 
Non-continuous T 
beams of lo H. Span 
and Slab with 1-2 per 
cent. Single Rein- 
forcement. 


Thick- 

Total j 

Thick- 

Total 

ness of 

Cost in 1 

; ness of 

Cost in 

Slab. 

Shillings ! 

Slab. 

Shillings 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

9*60 1 

1 

I 

0*53 

14 

7-45 j 

14 

7*48 

2 

7*36 

2 

7*40 

24 

7-51 

24 

7*62 

3 , 

7*82 

3 

7-96 

34 

8*21 

34 . 

8*42 

4 , 

8-68 

4 

8*90 

44 

9-j8 

44 

9*41 


! 9*64- i 


9*94 


X0-J5 1 

1 '^51 

io'47 


tO’65 , 1 

6 

10*98 


«•!« ■ i 


12-35 

'7. ' 

'XVj^ ' i 

r' ^ 

12-11 



7k : 

12*69 •• 



i s 

. 13*32 





Thick- 

Total 

; Thick- 

Total 

ness of 

Cost in 1 

' ness of 

Cost in 

Slab. 

Shillings ' 

1 Slab. 

Shillings 

Ins. 

per sup. yd. | 

Ins. 

per sup. yd. 

I 

9-48 

I 1 

9*50 

14 

7 - 4 « 

i 

7*52 

2 

7-46 

2 

7*53 

24 

7 * 6 q 

24 

7 - 8 i 

3 

8-09 


3 

8*24 

34 

8*55 


34 

8*73 

4 

9‘o8 


! 4 

9*28 

44 

9*62 , 

! 44 

9*86 

5 

10*22 ; 


10*40 

54 

10*76 1 

! 5 i 

11 *08 

6 

11*30 : 1 

1 6 

11*62 

64 

tt gi ] j 

I 

12*28 

7 . . 

12*51 

1 

7 

12*93 

74 

13*15 


74 

13*59 

8 

1379 


8 

14*2 ♦ 



ECONOMY IN REINFORCED CONCRETE DESIGN. 


Mf we take these fij^ures as a minimum for fltK>rs ii ft. centre to centre, i,c,, lo-ft. 
column and 12-in. slab and bwim in the iivera^e, the nuni'lx'r of cu. ft. per super yard of 
fliK>r will be 9x11=99, say 100, and the cost pt*r cu. ft. of building will then 
work out — 


For I o^t. per sq. ft. superload= 


2 cwt. 

_ 7 ’ 36 xi 2 


100 

3 cwt. 

8*6X12 


100 

4 cwt. 

_ 9*6X12 


— 072 penny. 
=o’88 penny. 
= 1*03 penny. 
= i‘i 5 penny. 


These figures, of course, do not include anything for wall beams, staircases, walls, 
or anything exterior to the ordinary floor construction. 


Table XIVb. 

"os/ of Slab, Beam, and 
Column Construction 
io^ carry 3 cwt. per 
Sq. Ft. Superload. 
Non- continuous T 

hcam^ of JO ft. Span 
and Slab with 0*6 per 
cent. Stngle Rein- 
forcement. 


Thick- Total 
ness of I Cost in 
Slab. I Shillings 
Ins. ' per sup. yd. 


1 

2 

2 i 

3 

4 

4i 

3 

3j 

6 

61 

7 

7i 

8 


11*6 

91 

8*6 

8*6 

8*8 

9-1 

9*5 

9-9 

10*4 

10-8 

II-3 

II-7 

12*3 

12*8 

13*4 


Table XVb. 


Table XVI b. 

Table XV'IIb. 

Cost of Slab, Beam, and 


Cost of Slab, Beam, and 

Cost of Slab, Beam, and 

Column Construction 


Column Construction 

Column Construction 

to carry 3 cwt. per 


to carry 3 cwt. per 

to carry 3 cwt. per 

Sq. Ft. Superload. 


Sq. Ft. Superload. 

Sq. Ft. Super load. 

Non- continuous T 


N on-continuous T 

N on-continuous T 

beams of 10 ft. Span 


beams of 10 ft. Span 

beams 0/10 ft. Span 

and Slab with 0*8 per 


and Slab with 1 per 

and Slab with 1*2 per 

cent. 

Single Rein- 


cent. 

Single Rein- 

cent. 

Single Rein- 

forcement. 


forcement. 

forcement. 

Thick- 

Total 


Thick- 

Total 

Thick- 

Total 

ness of 

Cost in 


ness of 

Cost in 

ness of 

Cost in 

Slab. 

Shillings 


Slab. 

Shillings 

Slab. 

Shillings 

Ins. 

per sup. yd. 


Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

11*6 


I 

II-5 

1 

II-3 

n 

9*1 


1-4 

9-1 

14 

91 

2 

8-6 


2 

8*7 

2 

8*7 

21 

8-7 


24 

8-7 

24 

8*8 

3 

9-0 


3 

9*0 

3, 

9-1 

3* 

9*2 


34 

9*4 

34 

9*6 

4 

9*7 


4 

9*9 

4 

10*1 

44 

10-2 


44 

10*4 

44 

10*6 

5 

10-6 


5 

10*9 

5 

II-2 

5f 

II*I 


54 

11*4 

54 

11*8 

6 

11-6 


6 

1 1 *9 

1 6 

12*3 

64 

12*1 


64 

12-5 

64 

12*9 

7 I 

12*7 


7 

I3-I 

7 

13-5 

74 1 

13*3 


74 

13-7 


14*2 

« 1 

13*8 


8 

14*3 

8 



Economy in Reinforced Concrete Slnb, Beam, and Column Construction. 

(i) A rational arrangement of slabs and beams supported by columns is more 
economical than slabs .supported by beams only. 

(;) A low percentage slab reinforcement is more economical than a high percentage. 

(fe) A thin slab is more economical than a thick slab. 

The writer suggests the thicknesses 3 in., 4 in., 5 in., and 6 in. as the minimum 
thicknesses, resi>ectively, for the super loads, i, 2, 3, and 4 cwt. ix^r sq. ft. 

DISCUSSION. 

The discussion was opened by the reading of a letter from Mr. P. J. Waldram. 

7'he following is an extract from the letter : — 

“In, a material which is heavy for its bulk, safety and economy are often synonyihous. 
Where large spans or heavy stresses are involved, a sufficient factor of safety often only 
made possible by the exercise of rigid economy in structural weight. Unfortunately, the value 
of Mr. Davenport’s results as to unit costs, as they stand, obviously depend upon the accuracy 
of the fundamental data and upon the methods of calculating the sections compared. 
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“With regard to the formei, it would certainly appear that the prices quoted of 40s. per 
cub. yd. for concrete, and per ton for beam and slab reinforcements are figures which 
are open to question. 

“ The stresses stated obviously limit the tables to 1:2:4 concrete, thus leaving out of 
consideration one of the readiest and most efficient means of securing the maximum economy 
in heavily stressed beams and in columns, viz., by the use of richer and stronger concretes 
in compression. 

“The formulae used for calculating double reinforced bea^m sections are not given. 

“The conclusion drawn that double reinforcement is more economical than single is 
misleading. 

“When the conditions of size and stress are such as to demand more than the economur 
ratio of tensile reinforcement, the strength of the concrete is the criterion of the moment of 
resistance. To attempt, under such circumstances, to assist the concrete by additional tensile 
reinlorcelments is almost futile, as can be seen from any curve of unit moments of resistance 
for varying proportions of reinforcement. 

“The author also states that the most economical ratio of (x>mpressivo to tensile reinforce- 
ment is I to I. This depends ur>on circumstances.** 


Table XIVc 

' Cost of Beam, Slab, and 
Column Construction 
i to carry 4 cwf. per 
Sq. Ft. Superload. 
N on-continuous T 

beams of 10 ft. Span 
and Slab with 0-6 per 
cent. Single Rein- 
forcement. 


Table XVc. 

Cost of Slab, Beam, and 
Column Construction 
to carry 4 cwt. per 
Sq. Ft. Superload. 
N on-continuous T 

beams of 10 ft. Span 
and Slab with 0*8 per 
cent. Single Rein- 
forcement. 


Thick- 

Total 

ness of 

Cost in 

; Slab. 

Shillings 

Ins. 

1 

per sup. yd. 

I 

1 V 5 


10*4 

2 

9-8 


9*6 

1 3 

97 

. 3 i 

9-9 

4 

iO‘3 

4 j 

I0'6 

5 

11*0 

5i 

II-4 

6 

II-8 


12-3 

1 7 

I2-Q 

! 

13*4 

1 ® 

13*9 


; Thick- 

Total 

j ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

1 I 

13-5 


10*5 

1 2 

9-8 


9-7 

3 

9.8 

1 3i 

lo-i 

1 4 

10-5 

4 i 

10*9 

5 

II -3 

5i 

II-8 

6 

12-2 

6i 

12-7 

7 

13-3 


13-8 

8 

14-4 


Table XVIc. 

Cost of Slab, Beam, and 
Column Construction 
to carry 4 cwt. per 
Sq. - Ft. Superload. 
Non- continuous T 

beams of 10 ft. Span 
and Slab with i per 
cent. Single Rein- 
forcement. 


- - 

— 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

13*3 


10-3 

2 

9-9 

2I 

9-7 

3 

9'9 

3 i 

10-2 

4 

10*7 

4 i 

II'O 

5 

11*5 


12*1 

6 

12-5 

H 

13*1 

7 

137 

ti 

14*3 

8 

14-8 


Table XVIlc. | 

Cost of Slab, Beam and | 
Column C onstruction 
to carry 4 cwt. per 
Sq. Ft. Superload. 
Nonr continuous T 
beams of 10 ft. Span 
and Slab with 1-2 per 
cent. Single Rein- ] 
for cement. I 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings ! 

Ins. 

per sup. yd. ' 

I 

1 


1 10-5 

2 

9-9 

2i 

1 

3 

1 10*0 i 

3i 

10-4 : 

4 

10-8 ! 

4i 

11-3 

5 

11-8 

5i 

12-4 1 

6 1 

13-0 

6i 1 

13-4 

7 

I4-I 

7i 

147 

8 

I.V3 


ProHaaor AdmmM, (Vice-President C.I.), stated that there seemed to be a 

little confusion regarding the relative economy of single and double reinforcement. In the 
course of the paper the author stated that double reinforcement is not necessarily less 
economical than single reinforcement. Then, further on, he stated that doubly reinforced 
plain beams with i per cent, tension and compression steel are more economical than singly 
reinforced plain beams. 

f .With regard to Ifce, stjatoment, ** Any smaller depth ratio of depth to breadth than 3 to i, 
IITOuld bring the neural a^s inside the slab and the beam would then mb longer be a T-beam,** . 
he; bad al^ys ooOaideteft wbethef the neutral axis is within the flange or within the wet it is 

' y sthtement that elimination of columns increases the cost of con- 

, d^ban the elimination of columns altogether, not taking the case 

beanm*' 



^ ECONOMY IN REINFORCED CONCRETE DESIGN. 

.Mr. B. PiaadBr Btebaila, P.Phya.Soc., MMath.A., AMLMact.B., M.C.i , said that the 
paper had the one advantage in it that it showed a far more scientific way of obtaining 
economy than is frequently adopted L3’ builders who are very anxious to get a particular order 
in the face of rivals who have an equal chance of procuring same. In that case a common 
device is to increase the working stresses in an arbitrary manner and decrease the bending 
moments in the same way. With regard to the author’s remarks on the economy in reinforced 
concrete (square) column construction, the word “ helical ” is rather ambiguous. As used in 
the R.l.B.A. Report, the word “helical** is restricted entirely to lateral reinforcements in 
the form of a cylindrical sct^jw, and not a form which is square on plane. The point is 
imr)ortant, because if the author in his paper has taken the form factor for helical reinforce- 
ments when he has had in mind lateral reinforcements which are square on plane, then the 
result of equations in that case will not be in accordance with the R.l.B.A. Report. 

With regard to the author’s suggestion as to slab thicknesses of 3 in., 4 in., 5 in., and 
6 in. as the minimum thicknesses respectively for the superloads, a word of warningsis needful 
to those who may be building within the ('ounty of London, and that is that the load on the 
door is not the only factor in determining its thickness. In many cases the Building Acts 
require fire-resisting construction, and half an inch or one inch of reinforced (oncrcte is not 
considered fire-resisting. 

Mr. R. W. Vawdrey, B.A., AaaOG.M.taat.C.B. (Member of (.'ouncil C.I.), said he thought 
that £10 per ton for the main reinforcement (bent and fixed) was altogether inadequate. 
He went on to remark on the difficulty of confining considerations to bending moments 
ohly, and whilst it might l>e necessary to confine one’s attention to bending moments for such 
a puriM)se as that of this paper, it is a fact that all these per cents, and general descriptions 
ol methods are vitiated to a ven-y great extent by the question of shear. In a great many 
cases it is that far more than the bending moment on the beam which really determines the 
design. As to the general principle that has been adopted by the author, he thought the idea 
ot working out in such df tail the actual costs under various (onditions was an excellent one. 

Mr, Bwart S. Andrewa, B.Sc, {Load.), M,C,L» said he did not see why the author should 
have given values for double reinforcement below what is commonly called the etonomical 
percentage, *675, because it seemed almost obvious that it was unnecessary below those values. 
With regard to the T-beam formula, he thought it would have been rather more satisfactorv 
and valuable, since most of the calculations have followed the R.l.B.A. figures, if they could 
have been followed without much additional work to those T-beams. 

Mr. M. Soal Ridley, Aaaoc.M.lnat.C,B., M.C.I., said there were several things in the 
Tables he did not quite understand, and referring to Table II. he said he did not quite see 
why the author put the width of the beam 13*9, taking the 1,000,000 lb. resistance for a metal 
of 5*78 sq. in. He thought in some cases the single reinforcement had been taken in the 
bottom instead of double. Of course, there it would be usually double, and the width of the 
beam would be about 8 in. instead of 13*9. 

Mr. E, C. Wnilama, B.Sc.: T-beams, being the major part of a building in reinforced 
concrete, must ol necessity be the most importjint part of this Paper. In T.ible II., on T-bcams, 
4-in. slab, with 1,000,000 lb. bending moment, after the (X)st of the beams 10 ft. long, comes 
the, factor of concrete, which is here a varying factor. Now, a beam with a fixed bending 
moment over a span of, say, 10 ft., would of necessity have a fixed shear. If that shear is 
constant, and we usually take 60 lb. a sq. in. on the concrete, then the concrete area must be 
constant. This concrete area does not enter into the consideration, of course, and the question 
of cost depends entirely upon the ratio of side centering for steel reinforcement, and there 
must be a factor of the bending moment. 

Then, again, as regards the slab, he had worked out the tiuestion of cost for the slab 
himself, and found that that slab would be cheaper provided the cost of the steel in the slab 
were equal to the cost of the concrete. The centering cannot come into the question of cost at 
all. As regards the slab, it is purely a question between the concrete and the steel, whereas 
in a T-beam it is a question between the side centering of the beam and the steel. 

MR. DAVENPORT'S REPLY. 

Mr. Dmyeaport: In replying to Professor Adams regarding the elimination of columns, 
the author said he had taken two schemes. First of all a ao-ft. floor supported on non- 
continuous beams ao ft. of span, and worked up the costs, thus getting so much per superficial 
yard for the various thicknesses per yard of superloads. Then he obtained the effect of 
reducing the spans of the beams by adding a row of columns, which gave the cost per super, 
yard, and hence the statement that the elimination of columns, that is increasing the spans 
of beams, increases the cost. 


3S9 



THE CONCRETE INSTITUTE. 


Regarding the point raised of the T-beam with a neuiral axis in the slab. This would be 
a T-beam, with a very much thinner slab, and the same benefit would not be derived from that 
as compared with the full depth of the slab acting in compression. The compression area is 
reduced, and of course the total compression, that is, the total push, due to the stress in' that 
concrete is reduced also, and the moment of resistance is reduced unless it is increased by 
doing something else, either increasing the breadth or in some other way. The question of 
double and single reinforced beams was put forward. In one place it is stated that they are 
more economical, and in another place that they may be more economical. For the cases 
considered they are more et,onomical, but in the Paper these costs are taken for a special 
reason, not necessarily because they are the best costs, but they are simply costs which would 
enable anybody, if they wished, to get costs of ccnstruc-tion to any other unit cost by simple 
proportion. 

Replying to Mr. Etchells’s remarks as to the thickness of the slabs, and the question of 
hre-resistante, the author remarked that he bad not considered the question of fire-resistance 
at all, as this came under the heading of Architectural Economy. 

Replying to Mr. Vawdrey’s suggestion that ;^io per ton for the steel was too low, the 
author remarked that this might be so, but it formed a good basis to work from. 

After replying to several other speakers* remarks in detail, the meeting was terminated. 
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NEW BOOKS 

AT HOME AND ABROAD. 

A short sammaty of some of the leading books •which have appeared daring the last few months* 


**A Treatise on Cement Specifications.*' By 
Jerome Cochran. 

London: Constable & Co. ItAs. 6/- net. 
Although this work bears an English 
publisher’s name on the title-page, it is 
entirely American in object and scope. 
'J'he author admits that American specifi- 
cations go into less detail than those of 
Europe, and it is not likely that enginwrs 
in this country will learn much from th<‘ 
.specifications here printed, although the 
compilation will no doubt ])rove of value 
to their American colleagues. 

Both natural and puzzolan (slag) cement 
used in the United States, but it i« 
interesting to note that the <*mployment of 
<‘ither is excluded in the construction of 
reinforcc'd concrete work or of any struc- 
ture subjected to severe or frequently re- 
curring structures, for which purposes 
only Portland cement may be employed. 

'Phe tests described are similar to those 
generally us(^d, except that the boiling test 
with thin pals is pi escribed for the detec- 
tion of unsoundness, the Le CHiatelier te.st 
not being mentioned. 'I'he. requirements 
as to fineness are much less stringent than 
thos<‘ of the British Standard Specification. 
The limit of magnesia is fixed at 4 per 
cent., and that of SOg at 175 p<^r cent. 
There is a useful bibliography of American 
publications relating to the testing of 
cements, with a few Eurojx'an references. 

** Reinforced Coacrete Doors.*' 

Red Book of the British Fire Prevention Committee 
No. 173, dealing with Fire Tests wkh 3 reinforced 
Concrete Doors, constructed for Experimental 
Purposes to the Design of Commandant Welsch, 
Chief Officer Ghent Fire Brigade. Published at the 
Offices of the Committee, 8 Waterloo Place, Pall 
Mall, S.W. Price 3/6. 

The doors tested and reported upon in 
this Red Book are of a non-proprietary 
character, and were designed in Belgium 
in the public interest by Chief Officer 
Welsch, who is the Chairman of the 
Belgian Government Technical Commit- 
tee on Fire Protection. 

The doors under test comprised two 
single doors to two openings, fitted ' as 
sliding doors, and one set of double sliding 
doors fitted to a third opening. 

In the prefatory note it is stated that 
although the idea of constructing doors 
of concrete is not new, yet the use of such 
doors has been quite exceptional.” 
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NEW BOOKS. 


A study of the Report will show that the 
tests were highly interesting, and they 
went to prove that — subject to the remedy- 
ing of some minor defects in construction 
— reinforced concrete doors would be a 
valuable addition to our fire-resisting 
materials. 

The two single doors were tested for a 
period of 2i hours at a temi>erature gradu- 
ally increasing to i,8oo° F., but not ex- 
ceeding 2,000°, and the double doors were 
tested for^a like period under similar con- 
ditions. In each instance water was 
applied at the conclusion of the test for 
two minutes. 

All the three doors tested had a dimen- 
sion of approximately 4 ft. by 7 ft. 

A full log showing the progress of the 
tests is given. The Report contains illus- 
trations of the construction of the doors, 
together with numerous photographic 
views of the doors before and after test. 

By the kind permission of the Com- 
mittee wfe are here reproducing a view of 
one of the single doors showing the fire 
side of Door No. 2 after the test, and after 
the door had been removed. 

All the dimettisions, etc., in the Report 
are, as usual, accompanied by their metric 
equivalents. 

A German edition of the Rejxijft has 
been published by the Committee’s Con- 
tinental publishers. 

**StalreaMS la Reinforced Concrete and 
Artificial Stone** (** Eleonbetontroppen 
und Kvaatstelnatufea.") By Karl 
Matthloa. 

Berlin: Verlas der Tonindnetrie-Zeitnng. 1913. 
Price M.2.23. 

The construction of staircases in con- 
crete or artificial stone is a very common 
proceeding, whilst complete, self-support- 
ing staircases of reinforced concrete have 


been introduced into many modern build- 
ings, but the statical computation and 
design of such structures are complicated, 
and probably few engineers are familiar 
with them. For this reason the present 
work, which describes the usual forms of 
construction ^nd deals in detail with the 
nature of the stresses and the methods of 
computation, will be found useful. It is 
important to note that the choice of a type 
is often governed by local building regula- 
tions relative to fire-proof staircases. 
Methods of testing are also described, in- 
cluding a method involving the use of a 
small portable hydraulic press, by means 
of which a load may be applied to one or 
more steps at once, and which may be 
found useful in otht‘r cases where it is 
required to test beams and other structural 
members on the spot, without removal to 
a specially-equipped laboratory. 

The book is fully illustrated. 

** A Primer of Cement '* (** Zementbrevier.**) 

By Dr. Hnne Kiihl. 

Berlin: Verlag der Tonindnstrie-Zeitnng. 1913. 

Price 30 Pf. 

This excellent little compendium, a 
pamphlet of only 70 small pages, contains 
a remarkably complete statement of the 
essential facts relating to cements, their 
manufacture, properties, and use. ITie 
different types of cement (Portland, 
natural, iron-Portland, slag, etc.) are de- 
scribed and defined, and the methods of 
testing and the standards to be attained 
are enumerated in detail. The last section 
deals with the methods of mixing mortar 
and concrete for various purposes, in- 
cluding reinforced concrete construction, 
and tl^ lx:st proportions and character of 
aggregate, etc., for each case. The in- 
formation given is both concise and 
accurate. 
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REINFORCED CONCRETE OFFICES. 


NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heading reliable information viUl be presented of neto works in course of 
construction or completed, and the examples selected will be from all parts of the world. 

It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basts 
for the design,~-ED, ^ 

NEW OFFICES FOR THE “LIVERPOOL DAILY POST.** 

Some n<?w pn^mises have recently been erected and completed for the Liverpool Daily 
Post, The two great points which had to be taken into consideration in the erection 



of the 'building were economy of space and safety against fou^d ditat 
both these problems were solved by the employment of 

The building is an extension to the existing offices* -S < il 

tion to a basement, which houses the engines. The walls ere caiTied , frdiil , to 


NEW WORKS IN CONCRETE, 


floor by a reinforced concrete frame, and the floors are designed for a super-load of 
3 cwt. per sq. ft., and they are 4 in. thick. The building is of fire-resisting construc- 
tion throughout. 

The details of the reinforced concrete work were designed in collaboration Vith 
the architect, Mr. Aubrey ITiomas, by Messrs. L. G. Mouchel and Partners, Ltd., 



p^rb^otnirteted Stractore. 

OmcBS roft THE " Li^rpooi. Daily Post." 

were Messrs* Edmund Nuttall Co., of Man- 
0 the, Williams, of Liverpool. 

WKONT at WK8TPORT, ZKEtAN0. 

Cotnm'issicmers some time ago decided to extend the 
considered the use of reinforced concrete, masonry, and 





REINFORCED CONCRETE QUAY FRONT. 


• After getting preliminary tenders it was decided to erect a reinforced concrete 
structure, and designs and tenders were invited from a few specialist firms. 

The design adopted was as shown in Figs, i and 2, and the work was carried out 
accoMingly. 

The quay front, which is about 200 ft. long, consists of a row of main piles 
14 in. by 14 in. section and spaced 6 ft. centres. Behind the main piles close sheet 
piling is driven in order to retain the sand filling. 

The sheet piles are 8 int by 14 in. in section, and the pressure exacted on them by 

the filling is trans- 
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Fig. Cross Section. 
Westport Quay Extension, Ireland. 


mitted to the main 
piles by three rows of 
horizontal walings, 
12 in. by *12 in. in 
section, two placed 
close together just 
above low water 
level and one placed 
somewhat higher up. 
On top of the main 
and sheet piling a 
heavy horizontal 
beam is built, tieing 
all the piles together 
at their upper ends, 
and serving as a base 
for the upper wall or 
apron. 

This consists of 
a nearly vertical 
slab, supported by a 
coping beam at its 
upper edge and by 
buttresses spaced 
6 ft. centres, and 
placed just above the 
main piles. 

The front edge 
of tlie coping beam is 
protected by a heavy 
steel angle, fastened 
to the concrete by 
means of rag bolts 
with countersunk 
heads. 

The whole front 
part of the structure 
is tied back to the 
anchor piles by 
means of 12 in. by 
12 in. tie beams, 
spaced 6 ft. centres, 
one to each main 
pile, and carried 


through an old rubble wall, behind which the anchor piles are driven. 

In some places, where a building comes up close to the old rubble waU, it was 
found necessary to drive the anchor piles in front of this wall, but the tie beams were 
in all cases run through the wall, and concreted into it. ^ * 

There is one anchor pile to each tie beam, and they are 12 in^ by 12 in. in sec^KMi'. 
After the reinforced concrete work had been finished the space betwew the olq 
rubble wall and the new reinforced concrete front was filled with sand, and the 
dredging could then he proceeded with. . 



HEW WORKS IN CONCRETE. 


Three heavy timber fender piles were also driven in front of the reinforced concrete 
piles, and were carried up to 5 ft. above quay level and braced to the reinforced 
concrete, so as to serve as mooring posts also, as shown in Fig. 3. 

The Engineer for the work was Mr. E. K. Dixon, M.I.C.E., County Surveyor for 
the County Mayo, and the reinforced concrete work was designed and carried out by 
Messrs. J. & W. Stewart, of Belfast, London and Dublin. 

^ REINFORCED CONCRETE 

POETS AT GROVELANDS 

| m park. 

*1 ^ i The accompanying illustration 

8 — El l pM? B shows some patent reimforced 

r*' M Hm concrete posts used for fencing 

H ffljHH •< pM i ffl round the lake in the pictur- 

B E'l k esque new park at Grovelands, 

mVA Palmers Green, which was 

Mr-vl N B opened to the public last 

B tii LJ ® month. The posts are of York 

Fig. 3. Side View. Section A A. .Section BB. Stone chippings and Portland 

Details of Timber Fenders. Cement concrete, 5 ft. long 

Westport Quay Extension, Ireland. and 5 in. square, and have a 

neat cap of ornamental design. 
They are placed 8 ft. 6 in. apart, but closer on sharp curves, and are reinforced with nib 
mesh expanded steel supplied by the Expanded Metal Co., Ltd., of London and West 
Hartlepool, bent into column form, and are very strong and durable. For situations 
near water, these posts are especially suitable, as they are impervious to rot or decay, 
and indeed become stronger with age. They carry a li by square iron bar set angle- 
wise in the posts, and the fencing is pleasing in appearance. The posts never vegetate 
but retain the natural stone colour, and there is no necessity to paint them, so that they 
are well adapted for park or roadside fencing. 

T^ fencing has been carried out by Messrs. Tidnam and Co., concrete specialists, 
of Wisbech, from the designs and superintendence of Mr. C. Griffin Lawson, 
A.M.I.C.E., the Engineer and 

Surveyor to the Southgate 

Urban District Council. 

CONCRETE IN EGYPT. 

The magnitude of many of the 
great works in Egypt— such 
as the Assuan Dam — in the 
construction of which concrete 
forms the main element, is, 
from repeated description, well 
known. 

Concrete, however, has 
otW, if smaller, fields of 
utility in the land of the 
Pharaohs, one of these being 
that which the Egyptian Delta 
Light Railway Company, 

Ltd., finds, for it. Reinfprced Concrete Posts 

For a long ^me this Com» Grovelands Pare, Palmers Green. 

S confronled with the 

f fpr oertiain of its subordinate station officials (native 

P; to be charged commensurate with the 

Mall hv- thoEA si¥\A vAf « LI.. £ 



Reinforced Concrete Posts 
Grovelands Pare, Palmers Green. 






cucnmensuraDe wjin tne 
^ provide a reasonable rate of 

tM concrete atforded the only practicable ^ution, 


Courtyaiid for menials, with two rooms and 
masters, and thma, rooms and a courtyard for station 
3 3 *>•> ** h^ght in front of 3 m. and at the 




REINFORCED CONCRETE IN EGYPT. 


m 

rear 2 50 m. The single courtyard is 2*50 m. broad by 3 m. long, and the double court- 
yard 2*50 m. broad by 6‘2o m. long, all inside measurements. 

The walls are built of concrete, the method of construction being as follows ; 
Timber moulds were first of all made according to drawings at a cost of These 

are then placed on the ground at the site of the building longitudinally, so arranged as 
to come into position when raised vertically. The insides are coated with oil and the 
reinforcing element— consi^ing of discarded semaphore wire--is laid in such a manner 
as to form a network, the ends extending some 2 ft. outside. The window and door 
for each unit is then put in place. ITie concrete mixture consists of — 

i in. diameter Abou Zaabal gravel, 3J parts. ’ 

Fine sand, ij parts. \ 

Gillingham Portland cement, i part. % ] 

It is poured into the mould and subsequently kept moist by means of wet sacks, being 
left to set for seven days. The sides of the moulds are removed and the slabs, now 



Double Unit Reinforced Concrete Hut. 

Staff Quarters, Egyptian Dei.ta Light Railways. 


set, are raised on end into position by means of a winch and shear-legs. The edges are 
joined by the passing of a J in. dia. iron rod vertically and looping the projecting ends 
of the reinforcing wire round it, subsequently giving the whoAe a covering coat of 
oement. 

The whole of the structure has a clean face and requires no touching up what- 
soever. The roof is of ordinary galvanised iron. 

The cost of constructing the single unit, one room and courtyard, in the manner 
diescribed is ;£i2, the double unit like the one illustrated costs £2^^ and the treble 
unit £^o. The annual rent is fixed at 10 per cent, of this, and is gladly paid by the 
staff, as no equally substantial habitation, and one so easily kept clean, can be obtained 
locally for double the sum, and the amount is well within the means of even the lowest 
paid employ^. 
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MemorMnOM mnd News Hems sre presented under this hesding, with occssionsl editorial 
comment. Authentic news will be welcome*-^ED, 


The Application of Reinforced Concrete to Rural if ouainR,— In the course of 
an interesting paper on the subject of reinforced concrete generally, read before the 
Surveyors’ Institution last mon/th, Mr. Percy J. Waldram spoke at some length as. to 
the possibilities of using reinforced concrete to solve some of the difficulties of building 
cheap cottages in rural districts. He pointed out that the essential requirements df 
cottages and small houses in rural districts are (a) that they should be inexpensive, but 
efficient and durable ; (b) that the walls should not. only be weather and damp pr<x>f, 
but form an insulation against changes of temperature ; (c) that they should not dis- 
figure the landscape; and (d) that they should be sufficiently substantial and fire- 
resisting to comply with reasonable or reasonably interpreted by-laws. 

The author stated that there could be little doubt that a cottage built of reinforced 
concrete in the form used for warehouses and office buildings would be extremely costly. 
But there were other ways in which the properties of cement concrete and the particular 
advantages of reinforced concrete could be enlisted. 

He pointed to the hollow concrete building blocks made by hand machines which 
any intelEgent labourer could operate, and went on to show the different ways in which 
tli^ blocks can be employed and finished off. 

He described various ways in which the reinforced concrete could be applied 
advantageously and economically, and how, by adopting certain methods in wall 
construction, saving could be effected. The paper was followed by a discussion. 


New Wharf for Dundee in R ein forced Concrete. — The Dundee Harbour 
Trustees have decided to oonatruct a new wharf of reinforced concrete. The wharf is 
to be 650 ft. long and 60 ft. wide. The total e^-timated cost, including necessary 
equipment, will be about 20,000. 

The British Fire Prevention Committee's Testing Station.— British Fire 
Prevention Committee’s Testing Station, which has been recently remodelled and 
enlarged, is to be opened for its new session on Wednesday, May 7th, and an interest- 
ing series of fire tests, with both non^proprietary and proprietary building materials, 
has been announced for the coming summer. 

On the opening day the tests are to be with fire-resisting glazing and with rein- 
foroed concrete party-wall doors, and a large attendance from the various Government 
Departments concerned, who subscribe to the Committee, is expected. 

On the opening of the Testing Station, it will be found that the relics of previous 
tests, as far as they weie' still available, have been arranged to serve as technical 
^^hibits — ^partly as out-door exhibits and partly indoor — and these collections arc to be 
materially extended and catalogued. 

Pire Pfoteid^d im Theatt 0 s*^^ model theatre has been built ait Dusseldorf, in 


britef ‘ tO’ -beat d#: 


^ theatre fires, and the best means of rendering theaitrical 
^ ^ ne. It occupies a site measuring 50 ft. by 80 ft., wkh the 

30 ^,' aiW 40 ft. The main part of the building is of 

entry enables ob^rvations to be made both 
iSwr, and two kinds of firefa-oof curtains will be fitted. Seats 
" itlpe testing various processes for rendering them 

vifMt Jaci^.-^The accompanying draw- 
' ^he ictoign and method of operation of wall^raising 
bt|Hdin|g9 and ,the, structure^ in process of erection. The 
'qiiarter? as well 0$ the barracks buidingl at 




MEMORANDA 


t'ort Crockett, Galveston, Texas, built in this manner, the latter buildinj^ measuring 
1S7 ft. long and 58 ft. wide. 

•The quartermaster’s store-house^ 1 16 ft. long— at Crockett was also built in this 
manner, the walls being raised into place in 4i hours by these jacks. The front wall 
of the post exchange and gymnasium building at Galveston, Texas, weighing 243 tons, 
was erected with these raising jacks. 


The concrete walls o# the Military Academy at San Antonia, Texas, were also 
completed in a horizontal position, the reinforcement being readily employed with small 
labour cost, and the completed walls raised into a vertical position by these power jacks. 

At Deerfield, 111 ., a busi- 
ness structure 60 ft. by 
60 ft., with two^apartments 
on the second flexM*, was 
erected at a cost of only 
$18,000, including plumb- 
ing and heating. This 
building has monolithic 
concrete walls, light courts, 
and roof. 

It is maintained that 
this system of reinforced 
concrete building construc- 
tion is a simple solution of 
the concrete problem. The 
expensive wooden or metal 
forms often make the cost 
of a form-built structure 
very high. 

The weakness of a 
wall built in forms is 
caused by the horizontal 
stratas of cement, sand, 
and gravel, which result 
from pouring two or three 
feet (vertically) of a wall 
each day ; this is essential in 
form construction, while the 
length of time consumed in 
building forms and pouring 
cement in them is so great 
that many owners and 
architects are loath to 
undertake the proposition. 

It is held that all of the 
above-mentioned difficulties 
have been successfully over- 
come by this method. The 
system is simple and 
unique. On this and on 
piles inside of the building 
lot are set a series of steel 
jacks. These jacks consist 
of a supporting carriage, a 
pivoted walking beam, and 
a collapsible screw driven 
by a worm ^ear and woriti^ 
A platform is then 
the jacks, and on this plat^ 
form are set in their 
proper relative positions 
all door-frames, window- 
frames, and other openings* 



FlOS. 1 AND 2. 


Now the concrete is poured around the openings of this coostructidA^ 
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Illuftration shows cross dam at the Bntraace to Chertsey Look which is 
now being reconstructed by the Thames Conservancy. It is a single row 
of our 15 inch x 43 lb. Piling, and is quite watertight. The same kind 
of piling is also being used for retaining t^e sides of the Lock, 
afterwards being covered with concrete and forming part of the 

permanent work. 

THE STRONGEST PILING 
ON THE MARKET. 


Blister Street, LONDON/ B.C 
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Th-e reinforcement is easily and pioperly placed both horizontally and vertically, 
because the wall resembles a great draughtimg-board, arid is very readily “ laid out.” 
If tin air space is desired, it is only to be fill^ in with loose sand, which is removed 
before the wall is entirely in place. When the entire wall is poured — and this can be done 
in a single day, even though the wall be 200 ft. long and three stories high — ^and the 
hnish desired is put on the outside surface, it is all level like a huge work-table. 

After the wall is finished, it is allow^ to set for forty-eight hours; then a small 
gasoline engine or electric motor is connected to the driving-shaft and the wall rises 
from the inside slowly and quietly to its permanent vertical position. 

The space between the wall and foundation is pointed up and properly braced, and 
then comes the removal of the jacks, which are bolted to anchors set in the wall. 



Fig. 3. Officers' Quarters and Barracks Building, Fort Crockett, Galveston, U.S.A. 

When all the walls are in place, the corners where reinforcement from either wall 
project and interlock are then poured, and there is a complete monolithic, well-finished 
structure. The floors and roof of concrete, or of any construction desired, arc then put 
in in the same way as in any other building. 

No forms whatsoever are used in the wall construction exoej)ting the wooden jack 
platform, which is never destroyed, but is used over and over again. The reinforce- 
ment is plac^ both horizontally and vertically exactly where it belongs in both inner 
and outer walls and rods. Fabric or any other kind of reinforcement may be used 
without the slightest difficulty. It is claimed that a building can be constructed in 
two-thirds of the time required for brick construction. 

Strength Coefficieata of Reinforced Concrete Teiegraph Posts,— The Service 
de TElectricitd of the Brussels Municipal College has informed the Union des Exploita- 
tions Electriques that its consultative committee on safety measures has adopted the 
following coefficients for telegraph posts made of reinforced concrete. When such 
posts serve to take wires across a railway, the concrete must stand a compression) stress 
of 30 kg, per sq. centimetre (427 lb. per sq. in.), and the metal a tensile strain of 800 kg, 
per sq, centimetre (11,378 lb. per sq. in).), but when the telegraph Bne follows or crosses 
a road or waterway these figures must be increased to 35 kg. (498 lb.) and 1,000 kg. 
(74,223 lb.) respectively . — Contract Journal, 

Buildings on Reinforced Concrete Messrs. Cory and Son, Ltd., the well* 

known coal factors, have recently carried out a well-devised scheme for the provision of 
dwellings for the class of unskilled labour employed at their coal derridks and barge 
wxwks at Charlton. 

The site, of three acres, is situated in the Charlton marshy, with a frontage to 
Anchpr and Hope Lane. The eighty-two dwellings are arrange in , two-floor 9eM- 
contained flats, with separate entrances, grouped around secluded and gated quad* 
rangles planted with trees. 

The accommodation of each flat consists of four, flvet and: six rooknSv jpaded 
to meet the means and family requirements of the varying clasps of labour employed 
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in the coal industry. The nature of the foundation, which was a mud shoot 
several feet deep on a peat bottom, necessitated special precaution and a 6-in. rein- 
forced concrete raft laid over the entire site of the buildings. The absence of 
back-additions enabled the w«ght to be distributed evenly over the raft, and although 
some of the buildings have been completed over two years no sign of structural failure 
has appeared . — Building News. 

TRADE NOTICES. 

Corpormtioa of PontetrMct ; New Bathe ia Reinforced Concrete. — Mr. A. 

Nunweek, of Sheffield, the architect whose design was accepted in open compertition for 
the above, has deciciW to construct the baths, subways, floors, etc., in “ Pikeitty 
Concrete.”^ The contract is being executed by Messrs. James Fidler, Ltd., Oif Sheffield, 
who are licensed contractors of Messrs. Paul Piketty and Co., Reinforced Concrete 
Engineers, 14, Bkxwnsbury Street, Tx)ndon, W.C. 

Harwich : New Landing Stage in Reinforced Concrete.— ‘The Corporation 
of Harwich has decided to construct the new landing stage (length 250 ft.) in reinforced 
concrete, and has adopted the plans of Messrs. Paul Piketty and Co., Reinforced 
Concrete Engineers, London. 

The work will be carried out forthwith by Mr. T. W. Pedrette (licensed contractor 
for the “ Piketty System ”), of Enfield, N., whose tender has been accepted. 


BBITISH IMPBOVED CONSTBDCTION CO. 

Tcl«phon«: 4067 Victoria. LTD. Telegrams Biconcrete, Vic. London." 

B I C ” 

47 VICTORIA STREET, WESTMINSTER, S.W. 


Manufacturers of all kinds of 

Concrete Constructional Materials 

(Plain or Beinfereed) 

Including PIPES. PARTITION AND PAVING 
SLABS, SLEEPERS. STANDARDS & POWER 
TRANSMISSION POLES, HOLLOW BEAMS 
AND FLOORS, FENCING POSTS, eic.. etc., 
the v^'^biown “JAGGER” PROCESS. 

^Designs carried out to order 

PifW ibr HUd* ProMUTM, aWo- 
Weif^ 156 Ifai. per cubic foot 










View of Goods Station during Construction. (For description see page 375 J 
South Lambeth Goods DepSt. 
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Hie Pfles are constructed and driven in position. No delay in casting Pile beforehand. 

Unlimited Durability. No driving takes place on Pile itself. No risk of Driving Shock. 

SIMPLEX CONCRETE PILES) LTD., Caxton House, Westminster, London,* S.W. 
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EDITORIAL NOTES. 


THE CONCRETE INSTITUTE. 

ANNUAL GENERAL MEETING. 

The Annual General Meeting of the Concrete Institute took place on -May 22nd, 
when the report for the session 1912-13 was presented by the Council. This 
Report shows an increasing activity in the Institute’s work during that period, 
and it certainly indicates the wide scope of its usefulness, if full advantage is 
tactfully taken of the great technical talent to be found among the membership. 
This we do not think has been the case during the last few years, otherwise 
there would not have been so many resignations from its Council, and, what is 
more, the retirement of just those members who would be among the most 
valuable and experienced available. 

Last year the Council lost a number of most useful men, and this year we 
find that men like Mr. Bertram Blount, F.I.C., and Mr. C. H. Colson, 
M.Inst.C.E., of the Admiralty, are giving up their seals. When men of this 
character retire it is always a sign that the Council meetings do not 
really interest them, or are l<x>ked upon as a waste of time. An uninteresting 
Council meeting is practically a sure indication of one devoted too largely to 
administrative routine as distinct from technical advancement, and, maybe, 
this is the case when we read of the Institute again changing its rules, re- 
arranging its objects, and classifying the membership when there is so much ^ 
useful and technical work to be achieved. Surely these continuous changes 
are not necessary. « 

But it is very obvious from the report that the real work of the Council is 
actually done by the Standing Committees, comprising partly members of 
Council and partly members co-opted from the general membership. 

It is a healthy sign to observe the extensive work done by these com- 
mittees, and the compreh<*nsive character of the problems still under considera- 
tion. It seems to us that it is the Committees rather than the Council that 
are upholding the dignity and advancing the interests of the Concrete Institute. 
Particular congratulations should be accorded to the Science Standing Com- 
mittee, which is certainly doing most admirable work. 

As to the recent tendency to make the Concrete Institute what might be 
termed an “Institution of Structural Engineers,” • the idea being to give 
“ Concrete ” per se a subordinate place, we note that no very great advance* 
ment has fortunately been made in this line of thought. The Institute must 
obviously deal with much that relates to structural' engineering, but if it is 

' i*7t ' 
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to hold its own it should be the Concrete Institute and nothing else, and if 
so-called engineers are really desirous of having their own little society, there 
is ample opportunity for some active genius to form such a body without 
entrenching on the greater and more influential body whose interests are 
directly concerned with that vast subject covered by the title of “ Concrete ** — 
a subject, by the bye, which is rapidly beauning quite as great as the subject 
of iron and steel, dealt with by the Iron and Steel Institute, an association also 
connected with the subject of structural engineering. 

It is pleasing to observe that the membership is increasing, and with the 
honorary ^embers the figure of i,ooo has been reached. But quantity alone 
does not make an influential membership, and thus the Institute would be 
very well advised to be more careful than it hris been in the last two years 
in the acceptance of candidates applying for enrolment. 

Financially the Institute has done remarkably well, and congratulations 
should be specially accorded in this direction to the President, Mr. E. P. 
Wells, who, by careful economy, has kept the expenditure within the Institute’^ 
resources. Being essentially technical, ratlier than humane in its objects, the 
Institute cannot rightly have claim either to tlie enthusiasm or the charity 
of those benevolently inclined to help Science and Humanity. To do really 
good work the present income of ;£a,ooo requires increasing to ;^2,ooo, and 
whether eventually it will not be wise boldly to take the grave step of even 
increasing the subscription for existing members is a matter which certainly 
claims consideration. 

Speaking generally, therefore, excepting for a certain loss of the Council’s 
prestige of late, the Concrete Institute has made good progress, and, given 
greater energy, there is no reason why the impending year should not be more 
successful than the year that has past. 

THE LOCAL GOVERNMENT BOARD AND REINFORCED CONCRETE. 

An interesting feature in the Annual Report of the Concrete Institute is 
I he reproduction of the letter from the L<x:al Government Board to the 
Concrete Institute on the matter of the Repayment of Lxjans in respect of 
Works of Reinforced Concrete Construction. 

This letter, dated April 14th, 1913, is printed below, and we reserve our 
observation for a future occasion : — 

I am directed by the I-Oi'al Ciovernment Board to advert to your letter of the 
28th ultimo, wkh reference to the period allowed for the repayment of loans 
sanctioned by them to local authorities for the construction of worlcs of reinforced 
concrete, and I am to state that the Board have fixed no single period. Each 
case i$ dealt with on its merits, having regard to the purpose of the work and 
its position. Gren^rally speaking, however, the following terms are taken as a 
basis in calculating the pei»iods to be allowed in res|>ect of the more common 
terms of ferroconcrete bonstruotion : — 

Bridges with sUper-structure properly protected by a layer of asphalte 
of other; suiftable inatc^al reservoks a tanks containing Liquid — 10 years. 

^ched bridges prot^ted from moisture by a layer of asphalte or other suitable 
:'V‘' tubes— 15 years. 

; , mostly to dead loads and properly protected from 

ymrs. ^ ' 

. -C' ' 




By ALBERT LAKEMAN. 


One of the most interesting aprtic^fions of the use of reinforcea concrete in structural 
vuork ts its extensive and increasing use for railvi*ay ^tuork of every description, and the 
follotvino article on the South Lambeih Goods Depot contains many coints of special 
interest, - ED. 


THFsh large premises have been erected for the Great Western Railway Com- 
pany in South Lambeth on a portion of the site formerly utilised by the Vc'iuxhall 
rfnd Southwark Waterworks Company for filter-beds from the designs of 
Mr. W. Armstrong, M.lnst.C.E., the engineer for new works to ihc' Great 
Western Railway. 

The premises include a large g'K)ds station and warehouse, oHice buildings 
find stables, together with numerous sidings find tracks for the trallic and also 
storfige purposes, the whole sclieme providing splendid facilities for the collec- 
tion and delivery of goods in 
South London, Direct com- 

mumcation is afforded with M fKk _ ft A 

the Great Western Railway LJ — --n-- u 

system vid Battersea and | f*) | j^] 

Acton, and connection is also H llB "" M M BLIjH 1/ 

given to the various railway M H H 

systems passing through Clap- C C CT 3 D 3 ^ 

structional features are to be L J li g — 
found in the buildings, par- B Ct Cl ' 

ticularly in the goods station i ^ ® / 
and warehouse portion, the 
material used being reinforced 
concrete designed on the 

Hennebique system by Messrs. ^ S,* 9 

L. G. Mouchel and Partners, Fi«. l. Typical Column Detail. 

of Westminster, the minimum 

number of supports being used in the ground floor to avoid obstruction in the 
loading and unloading of the goods. This main building is about 400 ft. long 
by 72 ft wide, and it has a total height of 86 ft. from the foundation level to 
the top of the parapet. 

The accommodation provides a basement for storage purposes; a ground 
floor, which has a height of 36 ft. 4 in. from the level of the railway lines to the 
first floor level, and three upper floors for the storage of goods^ the topmost one 
being constructed over portions of the building only in the form of three bays, 
B 37 S 
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South Lambeth Goods Depot. 
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each 72 ft. by 53 ft., thus 
allowing for a future ex- 
tension if required. -The 
flat roofs have also been 
constructed of sufficient 
strength to carry goods 
that may be placed upon 
them, and the storage 
area is therefore very ex- 
tensive. 

The building is con- 
structed as a reinforced 
concrete frame building, 
all the weight-carrying 
members being of this 
material, and the ex- 
ternal walls themselves, 
which are of brickwork, 
are carried by reinforced 
concrete beams. The 
basement floor is about 
2 ft. 6 in. above the 
underground water level, 
and the underside of the 
column bases is 4 ft. be- 
low the basement floor 
level, or i ft. 6 in. below 
the water level. The 
basement floor is sur- 
rounded by reinforced 
concrete retaining walls, 
which are protected with 
clay puddle to prevent 
the percolation of water, 
these walls having a 
height of about 13 ft. or 
15 ft., and being con- 
structed 5 in. thick, well 
reinforced in all direc- 
tions and stiffened with 
counterforts 12 in. 
square at intervals. 

The foundation to 
the wall consists of a 
projecting toe 8 in. thick 
and 3 ft. in width, with 
bars in both upper and 
lower siirjfaceR. A hori- 
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zontal beam is formed at the top of the wall to carry the ends of the beams 
supporting- the platforms, and this is about i8 in. square. The foundations to 
the columns w^ere generally of two sizes — viz., about 12 ft. to 14 ft. square for 
the main columns, which extended through the ground floor to carry the main 
loads of the building, and about 6 ft. by 2 ft. 6 in. for the remaining columns, 
which occurred for I he height of the basement floor only. 

The type of base adopted consisted of a slab having a minimum thickness of 
7 in. to II in. splayed up towards the column to give a maximum thickness at 
the intersection of from 21 in. to 44 in. to provide the requisite shearing area. 
The reinforcement consisted of tw'o sets of rods, each set having baPs in both 
directions, and these were connected to each other and the mass of concrete in 
the base by numerous stirrups, with additional distrjbution bars at the bottom 
of the vertical reinforcement to the column. The whole of the bases were 
designed to give a uniform pressure per square foot on the soil to prevent the 
possibility of unequal settlement. 

• The arrangement of the columns is interesting, as will be seen from the 
half plan of the ground floor construction (viewed from below), which is 
illustrated in 2. The smaller cxdumns shown are those which t)ccur on the 
basement floor only, and these are spaced in three longitudinal rows in the 
interior at distances apart equal to 13 ft. 3 in., w'hile there are only two rows of 
main columns, and these are spaced at 26 ft. 6 in. centres. The width between 
these latter columns is about 58 ft., and they carry the whole of the super- 
structure, thus bringing a large load upon each one. The section employed is 
2 ft. 9 in. by 2 ft. 6 in. at the basement level and there are no less than 36 bars 
used as the vertical reinforcement for each column, these being arranged in four 
groups of nine bars situated at the corners, and connected by steel links in all 
directions, as shown in Fig. i. These columns are reduced to 2 ft. 9 in. 
by 2 ft. 3 in. at the ground floor level, with a further reduction to 16 in. sq. 
on the first floor, and they are protected with steel sheathing attached to 
angle steels at the corners to prevent damage w'hen knocked by heavy goods. 
The smaller columns in the basement are 14 in. square in section and reinforced 
by 4 lines of vertical reinforcement, w'ith steel links at intervals. The spacing 
of the beams at the ground floor level is shown on the plan mentioned previously 
and these consist of main and secondary beams. 

7 'he tracks between the platforms are carried by secondary beams, 
four being placed under the rails, and these are about 1 ft. 7 in. 
deep and 7 in. wide, and all four beams are connected to and 
carried by main beams which are i ft. ii in. deep, 9 in. wide, and span 
between the columns at 13 ft. 3 in. centres. The slabs filling in the panels 
are 5 in. thick, and this is included in the depth of the beams as given ; while 
haunches 12 in. deep and 2 ft. long are provided on the main beams at the 
junction with the columns. The distance between the platforms is 32 ft. 7J in. 
and these have widths of lO ft. and 25 ft. respectively, the former having a pro- 
jection of ”2 ft. beyond the line of the main columns and the latter having 
a projection of 12 feet. 

Apart from the variations necessitated by staircases and weighing machines, 
etc., these platforms are carried by beams at the inner edge, beams between the 
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columns and the beams at the top of the retaining wall on the outer edgp, 
together with smaller transverse beams supported on these spaced at 4 ft. 5 in. 
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oentres* The platforms are all 4 in. thick, and the outer edges of the 
platforms on the roadway side arc protected by heavy cast-iron curbs. A view 




FiM. 5. Reinforcemeiit for Lartie Beam in Position. 
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showing the basement floor during construction is illustrated in Fig. 3, where 
the main and secondary J)eams, together with the metal sheathing to the 
columns, can be clearly seen. The. work to the platforms, etc., can also be 
seen in the photograph taken during construction and illustrated in Fig. 4. 

The floors above the ground floor are constructed to carry an external load 




Fin. 7. Cross Section of Goods Stetion. 
Sooth Lambeth Goods Dkp^t. 


of $ cwt. ft. super, atuiiiere the accondaty beams are spaced at 4 ft. centres 

iu. ' ' ' 

t.' iitferestiftg futures are the large main arched beams 

.ij .M. J.-i,. 1 . . € .« . . .• 


j level and span transversely across the station 
s lifitd cantilever a distance of la ft. 9 in. beyond the 




lA'l 
me' 
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liije of tftese columns at the southern end. These beams are certainly some of the 
long^est constructed in reinforced concrete, the total Jength being about 72 ft., 
and their great advantage will be apparent, as there are five rows of columns 
on the upper floors, two of which are carried by cantilever projections, one 
continued up from the line of the main columns and two supported by the central 
span of the beam. It would have been inconvenient and inadvisable to continue 
all these columns throug#i the ground floor, and by the method adopted the 
columns were reduced to two lines only. The beams are arched and have a 
depth at the centre of 7 ft., and 8 ft. 9 in. at the junction with the columns, 
inclusive of the thickness of the floor slab, and the width is 2 ft. In order to 
reduce the dead weight and improve the interior jippearancc of the s^ition the 
thickness of the web is reduced to form four panels, each 9 in. thick with 
stiffeners 2 ft. wide between same. The beam therefore becomes practically a 
flanged section, the tension flange, which is arched, being 2 ft. by i ft. 6 in., 
and the compression flange 2 ft. by i ft. 9 in. A drawing of this beam is 
illustrated in Fig. 9, and it will he seen that the reinforcement consisted of no 
less than eighteen bars in the compression area and twenty bars in the tension 
area, with numerous links for connecting the bars and stirrups for resisting the 
shear. Some of the shuttering with the reinforcement in position is shown in 
the photographic view illustrated in Fig. 5; but it was impossible to obtain a 
view showing the whole of the steelwork in position owing to the obstruction 
of the woodwork. 

Longitudinal beams 9 ft. 3 in. deep and i ft. 8 in. wide are also 
constructed betw’ecn the main columns and at the outer end of the canti- 
levered portions, thus tying the whole construction together and forming a 
rigid structure. These beams also have the webs reduced in thickness to 10 in. 
to lessen the dead weight to be carried. This building is quite unique and gives 
an excellent idea of the ptissibilities of reinforced concrete, the whole of the 
upper part being carried on the few main columns and projecting beyond these 
on either side, giving a curious effect, as wall be seen in the section illustrated 
in Fig, 7. A general view' of the structure when practically finished is shown 
in Fig. 8, and some idea of the length can be gathered from this. 

The western end of the station is filled in with galvanised iron carried by 
steel framing, with the necessary opening for the passage of the trains. At 
the south side of the building the van ro.ads and railway tracks are covered 
by steel-framed roofing, 48 ft, wide, for protection against the weather, and 
the steelw'ork is connected to the reinforced concrete work with Lewis and rag 
bolts, and in some cases reinforced concrete wall plates are utilised to carry the 
ends of the trusses. In addition to the goods station herein described, rein- 
forced concrete was employed for the columns, floors and staircases throughout 
the office building, which is about 83 ft, long by 41 ft. wide, and consists of 
basement, ground, first and second floors, and also in the stable building, 
which is designed with an L-shapec} plan, the main portion of which is 136 ft. 
long and 28 ft. wide, and the secondary portion 54 ft. long by 28 ft. wide. The 
Jatter«has a special coyered sloping way for, the traffic of ^rses to the. upper 
floor, which is designed to carry an external load of ij.cwt. per sq. ft. This 
sloping way is supported on reinforced concrete columns at 13 ft, 3 in* 

centres, and the floor and roof beams and slabs are constructed with similar 
material. S®* 



ALBERT LAKEMAN. 


The whole scheme a most complete one, and adequate equipment is 
provided, in the station for the hauling of trucks and hoisting of goods, the 
cranes being carried in some cases by brackets which project from the main 
columns, and two movable bridges are provided for the transfer of goods from 
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CONCRETE PRACTICE STANDING COMMITTEE OF THE 
CONCRETE INSTITUTE. 


We present herevotih the tvoo foUowiM reports recently issued by the Concrete Institute 
on the very important questions of ^Cracks in Concrete** and the ** Surface Treatment 
of Concrete*** An interesting discussion folloviedt of vihtch we are onh able to give the 
barest outline, but, as mentioned in the report of that discussion, we earnestly hope the 
Sub-Committee responsible for these reports will take heed of the various criticisms ana 
suggestions thrown out, for excellent as the reports are in many ways, they require consider- 
able amendment and elucidation before they are finally approved by the Council,— ED, 


In June, 1909, the Reinforced Concrete Practice Standing Committee of the Concrete 
Institute issued letters of inquiry to all the members of the Institute in order to obtain 
information concerning Cracks in Concrete and the Surface Treatment of Concrete. In 
reply to these inquiries some fifty-four letters were received regarding the Cracking of 
Concrete and forty-six letters regarding the Surface Treatment of Concrete. 

. The Reinforced Concrete Practice Standing Committee have now issued two 
reports setting out a review of the subject, together with recommendations. These 
reports were read at the Institute’s thirty-sixth ordinary general meeting, followed by 
a short discus.sion. 'fhey read as follows : — 

REPORT ON CRACKS IN CONCRETE. 

The cracking of concrete is unsightly, but is not necessarily dangerous. Cracks in 
concrete may be divided into two classes : — 

1. Surface cracking. 

2. Body cracking. 

In the first category the cracks are often referred to as ** hair ” cracks, by reason of 
their fineness and semblance to hairs, and occur both in plain and reinforced concrete. 
'ITiey are also known as “ crazing ” and are of very frequent occurrence. They appear 
to arise from the surface skin of cement mortar being richer in cement than the mortar 
of the body concrete, thus exposing almost a neat cement skin, which expands at a 
different rate on exposure to the sun’s rays than the body concrete. It is worse upon 
the uppermost face in a mould, where the lighter and weaker particles of cement work 
up to the top and form a skin known as “ laitance.” If work be kept under water, 
and sometimes, if shielded from the sun, this crazing may not occur. To overcome its 
unsightliness the surface skin should be removed either (i) by brushing the concrete 
when green with wire brushes ; (2) by rubbing by means of a stone or piece of concrete 
and sand and water; (3) by dressing with hand or pneumatic operated chisels and 
hammers ; (4) by brushing the surface with hydrochloric acid and subsequent washing 
with clean water. The last two named methods are best with completely hardened 
concrete. 

The cracks extending through the' body of concrete may be* ascribed to the 
following : — 

1. Faulty design and construction so far as statical resistance is concerned. 

2. Expanrion of cement or concrete. 

3. Coarosion of embedded steel. ^ 

4. Shrinkage from setting knd hardening Jn air. 

5.. Difference of temperature in tUfferent parts. 


CRACKS IN CONCRETE. 

1. Under the first head the following causes have been noted ; 

(a) Settlement of the foundations. 

(b) Too high a stress, in the reinforcement, resulting in excessive deformation. 

(c) Too thick a covering of concrete, in particular w'herc the effective depfh of 

beams is very small. 

(d) Too early removal of forms. The age of the concrete when the forms are 

removed must be sufficient to give the usual factor of safety due to the 
stresses caused by dead load and such accident^^l load as may at that time 
be anticipated. Generally the follbwing recommendations are made, 
subject to the approval of the engineer or architect responsible for the 
works. 

For mass concrete walls not subject to thrust, and where the height does not 
® exceed 2 ft., the forms should not be removed under 24 hours. Where the 
wall is subjected to pressure, forms should remain in place at leasts a week, 
although a fortnight is preferable. For mass concrete arches of more than 
20 ft. span one month is rtcommended. 

For reinforced concrete the following is recommended i — 

Slabs, a minimum of 7 days, but otherwise, for slabs carrying only their 
own weight, an allowance of 2 days per inch of thickness, or i day per foot of 
span, whichever is the greater. For sides of beams, walls, and columns not 
under side-thrust a minimum of 4 days; bottoms of beams, a minimum of 
2 weeks, though n month to 6 weeks may be necessary under special 
circumstances ; for arches the time of removal of the cenU‘ring is better left 
to the judgment of the engineer, kc<‘ping “in view the ratio of rise to span 
and sj^ecial circumstances. 

If it is intended that the structure should be used for carrying heavy 
weights, emergency props should be left in for such time as the engineer 
or architect may din'ct. 

The foregoing periods to be increased by at least the time during which frost 
or rain has intervened, 

(e) Defective design of forms with inadequate allowance for contraction and 

expansion due to variation of moisture. Dry timbi'r may expand and 
crack the concrete unless wetUxi beforehand. 

(/) Careless removal of forms, which may result in cracking the concrete by 
sh<x:k of falling timbt^r, or by levering and prising on the green concrete. 

(g) Vibration, resulting in deficient adhesion and excessive deflection. Forms 

should be very rigid. 

(h) Insufficient allowance for continuity, fixity, and general monolithic nature 

of concrete work done in situ. Over supports the maximum degree of 
continuity and fixity should be provided for. Frequently cracks will be 
found over supports of continuous reinforced concrete beams and floor 
slabs, owing to the omission or insiifficieincy of steel there. Concrete floors 
are often built in chases in walls and carried over walls, others standing 
above, and suflicient fixity is given to cause cracks, if provision has not been 
made in the reinforcing. Columns and piers when built monolithic with 
beams will give more or less fixity to end of beams resting thereon, both 
at end and intermediate supports. 

(t) Too close spacing of steel, so that there is no room for the concrete to get 
round and adhere or bond with the bars. 

2. Expansion of cement or concrete. 

Under this heading the following causes of cracking are noted : — 

(а) Overlimed and coarsely ground cements which were frequently met with 

years ago caused expansion, to overcome which it was necessary to leave 
room for expansion — f.e., expansion joints. Especially was this precaution 
adopted r^pnd the edgea of floor slabs adjoining walls. 

(б) Co^se mat^iaia„^Qlit:aitiing sulphur compounds, unburnt fuel, oxidisable or 
, . hydrat^ble iron ebmpounds, unslaked lime, and other deleterious substances. 

and slag fteouently contain sulphur and metallic iron or 
; ' wWle boiler tshes may contain both sulphur and unslak^ 

V ' IbjttOf dflJfiVed from limestone in the coal). Some bricks contain 

fH: 
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\ sulphides and sulphates and lime, and should not be used broken for 

concrete. Old bricks also sometimes have qjd plaster adhering to them; 
the sulphate of lime may cause no trouble in plain concrete while it is kept 
dry, but in the presence of water reacts chemically with the aluniinates of 
the Portland cement, forming sulpho-aluminate of lime, which is attended 
by increase in volume, and may cause blowing if in large quantity, and 
even a small quantity may result in cracking. Free lime in the same way 
will swell or coy tract with water. Black magnetic oxide of iron will Ix^come 
converted into hydroxide of iron in the presence of moisture. Indeed, any 
iron compounds are dangerous in reinforced concnle as likely to react 
electrolytically wdth the steel in the presenc<* of moist air or dampness, and 
sulphur causes speedy corrosion. 

3. C'orrosion of embedded steel. * 

Shoftld the steel in reinforced concrete corrode by reastm of porosity of the concrete 

or the presence of deleterious substances in the coarse materials of which it is made, or 
by electrolytic action, the concrete cover to the bars will prack and burst off. 

4. Shrinkage from setting and hardening in air. 

'Phis is probably the most frequent cause of cracking. 

Concrete will ('xpand slightl}^ in winter and contract on drying out, so that cracking 
is frequently not evidenced from this cause until the conen'te is allc)W'e<l to dry, varying 
usually up to tw’o months, and in thick mass w-alls moisture and heat are retained for 
a long period and may delay cracking up to six months and even longer. It is usual 
to k<vp concrete w^et for s<‘veral days after manufacture in order to ensure its gaining 
maximum hardness, and it is specially important to i)reve‘nt rapid drying by sun and 
w'ind, so that the surfacx? of concrete should be shielded against such exposure. A dry 
mixture of concrete shrinks less than a wet mixtun*, and concretes richer in cement 
contract mor<* than lean mixtures. For reinforced concrete work medium wet mixtures 
are desirable, and therefore concrete richer in cement than i to 5 is not advisable for 
curtain w’alls. 'J'he cr^'fficient of contraction of concreU* on exposure to air app<?ars to 
be about 0*0002 to 0*0005 at one month, and increases to about 0*0004 to 0*0006 at 
years. ITie variation recorded is betwe<*n poor and rich concretes. Such contraction is 
usually prevente<l from t*aking place uniformly throughout; in retaining w*alls and 
pavings it is preventwl by friction of the soil, in other cases by tht^ holding of other 
parts. Plain concrete will usually hold together for some distance, so that contraction 
joints need only be insert<*d at intervals ; the following are advised as suitable distances 
apart of such joints in plain concrete : — 

Paving, 4 to 5 ft. 

Curtain w’alls, 10 ft. 

Exposed retaining w'alls, 15 to 20 ft. 

Basement retaining w alls (not exposed) and dock walls or dams, 50 ft. 

If curtain walls adjoin heavy columns and beams, the rigidity of the latter would 
probably result in cracking if constructed monolithically, even if reinforced. It is best, 
therefore, in such cases to provide joints adjoining beams and columns. 

If concrete be laid over the joints of a thicker lowTr surface of concrete, the joints of 
the latter will most |>robably l>e evidenced in the upper surface. 

Sharp angles in structural members have little resistance, and should be avoided, 
as also irregular shapes. The angles of window openings, unless well rounded, should 
be reinforced by bars placed diagonally. 

As the rate of shrinkage varies with different proportions of the concrete ingredients 
— cement, sand, coarse material, and water — variation in such proportions should be 
avoided as much as possible. Cracks in plastering are often due to such irregular 
contraction. 

Partition and w*all blocks, if required to be plastered soon after laying, should be 
quite dry before laying. If erected wet, the plaster should not be applied until they have 
had good time to shrink, otherwise the joints of the blocks will show as cracks in the, 


plaster. 

Large surfaces have been successfully constructed without apparent cracks by 
properly reinforcing the concrete and laying gll at one operation. The object of tlje* 
reinforcement is to break down the tensile resistance of the concrete and cause it to 
crack uniformly at such close distances as to render the cracks invisible to the eye. 
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If one portion of the concrete be left overnight, great care should be taken to roughiin 
the hardened surface by tooling away; then clean by brushing with water, and apply 
half an inch of mortar of the same proportion as the mortar in the concrete and, ram 
the fresh concrete well against it. Such joints will often show, even though well 
reinforced. In calculating the amount of reinforcement for such purpose, the ultimate 
tens&le strength of the concrete at one month should be equated to the resistance of 
the steel at the yield point. Usually for a i : 2 : 4 concrete i per cent, of steel is required 
each way, the bars or meshwork being laid at right angles#- The reinforcement should 
be in small sections and well disseminated through the thickness of concrete, and a 
layer of bars should be near each face. So-called “ distribution bars ” near the bottom 
of floor slabs are not sufficient if cracking is to be resisted ; rods should also be placed 
near the upper surface. Cracks frequently occur parallel to rods where “ distribution 
bars ” are not used, and also occur at right angles to main bars where continuity bars 
stop; top reinforcement would avoid this. Contraction reinforcement should be in 
addition to the section of steel required to resist static forces. 

The sudden drying out when heating apparatus is installed frequently causes 
excessive cracking. 

5. Difference of temperature in different parts. 

Considerable difference of temperature will cause cracking and should be avoided 
as much as possible. Heavy reinforcement is not always an effectual preventative?. 
Most reinforced concrete chimneys in which the internal temperature is over 500° F. 
seem to be cracked vertically, externally, and often horizontally as well, though 
possibly the latter could be avoided. This cracking is probably due to the difference in 
temperature between the outside and the inside, which may be considerable with a cold 
wind blowing. A continuous lining with cavity between it and the outer shell would 
probably prevent serious cracking. 

Great difference in- the temperature between the underside and top of concrete 
floors is also likely to cause serious cracking. In some climates the variation in 
temperature is extreme and cracks will result, and even if reinforcement is provided 
it will be well to insert expansion and contraction joints every 50 ft. 

Concrete lining, and walls of ponds, tanks and the like exposed to water do not 
shrink by setting and hardening of the concrete, but change of temperature IxHween 
summer and winter will cause cracks unless joints are provided. If plain concrete, 
a joint every 15 ft. is desirable; if reinforced, joints might be 50 ft. apart, though 
closer is preferable. To prevent percolation, asphalt dowels in the joints have proved 
efficient. 


REPORT ON SURFACE TREATMENT OF CONCRETE. 

(Summary of Replies Received.) 

1. Roughncasting is the best finishing coat for exterior finish. In applying a 
cement rough-cast, however, a bonding material should be used to insure adhesion to 
the old concrete. For floors, stairs, walls, and internal finish generally, tiles and 
granite finish may be employed ; there, also, the use of a bonding material is advocated. 

2. Blue stone dust trowelled to a glass face before the cement is set is advocated 
for facing the concrete, without any rendering. For rendering mortar composed of 
I part of sand to i part of pure Portland cement is advocated with trowelled finish. 

3. In surfacing the concrete without rendering it is advised that the surface of the 

mass concrete should be beaten down level and smoothed with a wooden or metal float 
just as it is beginning to set according as to whether a dead or bright surface is desired. 
It should never be faced, as is often done, by the application of a thin skin of a finer 
material, which, when applied if the mass has partly or wholly set, nearly always 
comes off. Micaceous, clayey, silty, or ochreous sand or gravel should be avoided, 
particularly micaceous ^and, the mica in which, if the concrete be much worked, rises 
to the surface ami constant dusting. If a floor is to be faced with a finer or 

rich(^ lelass of ccmcretei then use that used for the body. The best results are obtained 

and at tl^e same time, the facing portion being laid on the top 
',1 it bmhg well beatei^ down into it. Exposed concrete faces should 

dr polished With a metal tool, as the resulting dense smooth 
jW which are unsightly. In moulded work the face 
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nixt to the mould ni ay be made of finer material if the concrete is mixed very dry and 
the facing material be made soft and the dry concrete, Before ramming, be held back 
with# a shovel placed between it and the mould ; the subsequent ramming will cause this 
face to unite with the body. If a facing material is not used/, the concrete should be 
mixed plastic and worked up and down and to and fro with a shovel, trowel, or rod all 
along the faces which are to be exposed, and particularly along the arrises. Concrete 
for such work requires to be proi^erly proportioned so as to be without voids. On 
removal of the forms an}^ roughness may be removed by rubbing with a piece of 
sandstone and watef, or the face may be rubbed with a mixture of sand and cement 
by means of a wooden float, but this latter is not recommended if oil or soap has been 
used on the moulds, as the thin skin frequently fails to adhere and weathers off. If 
rendering is employed, Portland cement or clean gritty sand or fine gravel i# the best ; 
the cement should be so proportioned as to rather more than fill the voids in the 
^^(gregale. It is not desirable to render with neat cement, as hair cracks generally 
ensue. The surface to which the rendering is applied should be as rough as possible, 
quite clean and free from grease, mud, or dust, and, if necessary, it should Ixi washed 
with a hard-bristled brush. If at all of a porous character, the surface should be 
saturated with water before the rendering is applied. Portland cement rendering should 
never be applied to surfaces of materials containing sulphates; in one case a floor 
made of plast<‘r rubbish and hydraulic lime was covered with an inch of excellent 
I'ortland cement rendering which parted from the floor wherever patches of plaster had 
come to the surface of the body. In another case rendering was applied over a rough 
coat of plaster-of-Paris, and all came off in large shetds. For colouring concrete or 
rend<*ring care is necessary in selecting colours; Ven<*tian red and Indian red should 
never be used, as they are always in practice heavily loaded with calcium sulphate, 
which often causes the cement to disintegrate. Red haematite, some red ochres, and 
many other of the iron ores, particularly if burnt, are safe and suitable. Red haematite 
has a very powerful elTect, very little^ Ix'ing mvded. Yellow ochres are suitable and 
safe, and have considerable colouring power. Burnt umber is safe, and gives a nice 
warm colour. A satisifactory colour has not been found in blue or green ; copper 
arsenide gives a fair gre<m, but it is not desirable. Idtramarine is unsafe. Black 
oxide of manganese is probably best, but it is not possible to get a clear black. Ground 
hard-burnt coke may bt^ used, but it is not so good. Ground coal or lamp black is 
quite inadmissible, except in the case of some of the anthracite coals, A clean white is 
not obtainable, but a near approach may be made by using slaked white lime ; Ihe lime 
carbonates on the surface and forms a permanent, almost white, colour. A cream 
colour which looks very well may be obtained by using slaked lime with a little yellow 
ochre- chalk and whiting do not give very satisfactory results. In all cases but that in 
which slaked lime is us<d, the colour in sufficient quantity to give the desired tint should 
be mixed (preferably ground) with the dry cement. Hand mixing is not satisfactory. 
In the case of slaked white lime, this should be freshly made, but perfectly slaked, and 
should be mixed with the oc*ment and aggregate at the time of using. By blending 
the colours named, all usual building material shades of red, brown, buff, and grey may 
be obtained, and they are all permanent and safe. 

4. A facing mixture, usually two parts of sand to one of cement, put in the mould 
against the face of the form with the concrete behind it, has been found satisfactory. 
For colouring such a facing ochres have been found satisfactory, especially if used in 
excess ; they have apparently little effect on the durability, and with a white cement 
a little colour goes a long way. Greys of all shades can be obtained by admixture of 
lamp black. All the colours ^m to fade until the work is matured, but afterwards 
stand perfectly well. The ultimate colour can always be found by experiment. 

5. A good sound skin can be obtained by specially tamping the concrete against 
the shuttering^ All seams or joints between successive lifts require special attention : 
(a) to break the old hard surface of the previous lift; (6) to make a good bond or bed 
of wet mortar between the old layer and the new into which bed the new concrete can 
settle and (c) to ensure the rigidity of the shuttering across the joint so as to prevent 
movement and consequent “ lipping.” If the surface be pitted with small air-holes, a 
mixture of fine sharp sand and cement proportioned 2 : i should be applied with a large 
brush and immediately rubbed into the surface with steel trowels or floats. The 
rubbing should be done with energy and continued until the holes are completely 

387 
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fill-ed and all superfluous plaster rubbed off, leaving the old skin exposed. In this \wiy 
the holes or pores will be coflipletely filled and the skin watertight, and disintegration 
under the influence of frost prevented, w^hile at the same time it is not noticeable ,aft<T 
the work becomes hard. The principal item of cost other than labour is the number 
of steel trowels used up. The final surface, it should be particularly noted, is not a 
plastered skin. 

6. If rendering be used, "it should be proportioned 2 of sand or very fine aggregate 
to I of cement; in no case should neat cement be used.' The rendering should be 
applied to the mass of concrete as soon as the sihuttering has been removed and before 
the surface has become hard set or carbonjited by exposure to the atmosphere. Facing 
the concrete w’ithout rendering is advisable. For colouring, the following materials 
may be u»?d *. j^eroxide of iron, manganese dioxide, ultramarine, anhydrous chromium 
oxide, red ochre, yellow ochre, Chinese red, and crimson lake. 

7. The most satisfactory way of facing concrete in situ without rendering is to 
apply a plaster in the form of cement mortar against the shuttering, as the concrete 
is put in, keeping the plaster a little higher than the concrete and carefully working 
the latter into the mortar all in one ofieration. For rendering 1 : i sand and cement 
mortar has been found satisfactor}\ Rendering undimbtedly gives a better appearance', 
but it very often fails*, mostly through frost, (iood colour effects have been produced 
by a sort of stucco, stones being placed by hand in the soft rendering, but such work', 
to be durable, has to be performed slowly, and is, therefore, costly. The ordinary 
method, called “ slapdash,” is not considered durable. 

8. It is preferable not to render at all, but to work the concrete against the 
moulds; for very sui^erior work stout iron moulds, highly polished and ix*rfectly true, 
are advocated. For colouring, metallic colours such as red oxide arc preferred to such 
substances as red ochre. 


9. The use of shell sand makes a pretty finish, but this cannot be obtained every- 
where; in Jamaica the sea beach is strewn with broken shell which looks like sand at 
first sight. For appearance coarse sand is preferable. Buildings tooled all over have a 
good appearance. The finish might be obtained by pneumatic chiselling or even 
carborundum wheels. The application of a face of ^ in. of 2 : i mortar the same time as 
the bulk of the concrete is put in behind is advocated. For rendering 2 : 1 mortar with 
about 5 per cent, of clay in the sand is satisfactory. Rendering should be applied as 
soon as the moulds can he remoYtKl. In the case of bridge work, where the concrete is 
set before the laggings can be removed, the concrete should bt' kept wet for an hour or 
so before rendering. 

Black lead applied to the face of the concrete immediately it is in position will 
render the concrete when set practically indistinguishable from blue Staffordshire bricks. 

10. Rough-cast may be advantageously used, tinted or otherwise. 

11. For residential or street architecture cement finish is best, and can be varied 
almost to any extent by polished finish, wood float finish, coarse or fine sand, white 
sand, red sand, yellow' sand ; further there is the scagliola finish, but it is, of course', 
very expensive; the cement can also be tinted a brick red and jointed, and a brick 
finish obtained. Two to one of sand and Portland cement is best for rendering. The 
cement should be plastered in the ordinary way but with greater pressure than for 
ordinafy plaster, indeed, the more pressure the better. The best form of colouring 
should be coloured sand. 


12. For rendering 3 : r Portland cement mortar finished with a facing coat of 2 : i 
has been employed. 

13. A good effect is obtained by removing the mould as soon as it is safe to do so 
and brushing vigorously to expose the aggregate, which may be the same throughout 
the body of the concrete or special aggregate in the facing only. Good effects are also 
C^tained by using stone dust U^ith the sand for rendering buildings. Render in coats 

3n. thkit) then The following coats should be put on as soon as 

coat tos gone off. 

' the surfO^fe'bf the ebnerete before it is set to remove the cement skin 

^ 

to fai(# tend^ing a creamy liquid mixture made of i part of 

sharp river sand has been squirted on the 
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sufface Airough a rose nozzle and applied in two coats, the second coat being put on six 
hours after the first. A rendering of a plastic mixture of*i part of Portland cement to 
i a part of clean white river sand pulverized and reduced to a consistency of dust with 
lime-water has been applied with a trowel. The surfaces of the concrete work should be 
thoroughly wetted with lime-water and picked for at least three hours before either the 
squirting process or rendering process is employed. Stucco plastering work, resembling 
marble, may be laid in three coats, the colour being obtained by mixing gypsum to 
lime and certain metallic chides. Blue is obtained by oxides or carbonate of copper. 
Grey is obtained by mixing forge ashes ; litharge, yellow oxide of lead, green enamel, 
etc., are also used to colour it, A polished surface has been obtained by rubbing the 
surface with a fine smoothing stone, washing it now and again, and rubbing with a 
linen dipjjed in Trii>oli powder and chalk, then with oil and Tripoli powder, lastly oil 
alone. • 

16. A good surface may be obtained by working with a spader perforated with holes 
up and down against the shuttering. 

17. Ikdore applying rendering, the walls require to be^hacked and well wetted. To 
avoid cracking, the rendering should Ix' kqjt damp and protected from the sun and 
wind for about sev-tm days after execution. A pleasing appearanc<i can be had by 
dashing on the rendering white or straw-coloun'd sand compost'd of sea-shells; white 
cement and white sand also give an excellent finish. A pleasing and jx'rmanent tint 
can lx‘ obtained by a wash of quick-lime coloured with common sulphate of iron or 
copf)eras, which gives a light cream to a warm reddish yellow finish. 

18. I'he concrete should be made mixlerately wet, and well rjimmed and sliced with 
long trowels or swords to drive out th4‘ air-bubbles and to prevent any voids, on the 
surface. Where a watertight face is desired— for example, in rest^rvoirs or dock work— 
the shuttering should be coaU'd with 1 : 1 cement mortar, about { in. thick, immediately 
before the concrete is dc])Osited and the concrete forced into this mortar. Fillets could 
be arranged on the shuttering in convenient positions to avoid showing breaks in the 
concrete deposited at different times — i,i\, to give a jointed appearance. 

19. To face the concrc'te, the surface Ix'fore it has become too hard should be 
rubbed with an old piea^ of the same material to remove form marks and general lines, 
and a wash of Portland cement then aiiplied with a lime-wash brush. A mixture of 
red oxide to cement rendering has been found to retard setting and to tend to destroy 
adhesion. 

20. A good surface may bt^ obtained by building at the same time as the body of the 
concrete a facing of ^ sand and cement, or, Ix^tter still, ground Portland cement, or 
ground sandstone and cement proportioned 4 : i. The boarding should be removed at the 
earliest possible moment, and the surface well brushed with a strong wire brush. In 
time the surface will resemble Portland stone. 

ii. For rendering 3 parts of washiKl sand to i of cement have Ixen employed 
mixed with long clean ox-hair. It should be applied in two coats and the surface left 
from a wooden float. 

22. A rendering of 2 parts of granite gravel 2 in. to A in. gauge to i of cement is 
satisfactory, but is better applied before the body of the concrete has set. 

23. Rendering may be proportioned i : i to i : 4, but usually it is about 1:2. 

24. Forms or shuttering may be coated with a lime-wash made of pure lime, 
slaked with boiling water and applied when hot. Before application a large cupful of 
linseed-oil or tallow should be added to eachpiilful of hot lime; this assists in closing 
the pores of the wood and prevents the adhesion of concrete. 

23. In executing concrete wthout rendering, if the boards are planed and covered 
with thick oil paper the surface is good enough for whitewashing. The best rendering 
is cement and sand outside and putty and plaster inside. 

26. Rubbing down with sand and water while the concrete is still green is 
advocated. If rendering be employed, Thames sand washed and screened through a 
iV-in. mesh to 2 parts of Portland cement is a good mixture. 

27. Granitic finish is obtained by 2 parts of granite chippings, i in, gauge with a 
proportion of granite dust, to i of Portland cement. For vertical rendering mortar 
screeds are employed, but for horizontal granitic facings wood screeds are generally^ 
employed. Aberdeen or other coloured chippiflgs give a pleasing effect flows. ^ 

28. For country buildings rough-cast or pebble dash of cement and sand, With a 
small proportion of run lime therein, about an inch thick, after stabbing a straightened 
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coat of cement and sand with a piece of wood having short' nails fixed thereifn, 
projecting about J in. and i ih. apart, the walls whitened or coloured after, is advocated. 
The cement protects the concrete from drifting rains. Several other processes have- been 
tried with indifferent success. Pieces of wo(^ 4 to 5 in. wide and i in. thick fixed to 
the concrete to represent half-timber work, and cemented between to form panels for 
a lodge very much exposed to drifting rains was easy to do and answered its purposes 
— but a sham. Cement and slag from iron ore, crushed and passed through i-in. sieve 
instead of ordinary sand, proved very successful for renderhig. The surface was much 
harder and the colour more a dark grey, and was preferred to ^the ordinary cement 
colour. 

29. Rendering is objected to. When appearances have to be studied, a 4i-in. brick 
wall is bijjlt and filled at the back with concrete, a heading course to bind in being 
built occasionally; by this method expense of shuttering is saved, the concrete being 
placed after three or four courses of bricks are built. 

30. By using waste quartz and mica sand and gravel from china clay preparations 
if the moulds be quickly removed, and the surface washed with scrubbing-brushes and 
water, it will have the appearance of white granite. 

31. A good appearance can be obtained by removing the moulds quickly and 
brushing with a wire brush and water; if the concrete has become hard, some dilute 
hydrochloric acid must be used to remove the cement. If a smooth surface is preferred, 
the moulds can be removed after the concrete has been deposited, and the surface 
rubbed over with a wooden float to remove inequalities, after which a thin grout of sand 
and cement of the same proportions as the mortar in the concrete can be applied with 
a cork float. 

32. For inside a thin skimming coat of 3 parts of sand and i part of lime putty, 
and with 25 per cent, of Portland cement added, has been found satisfactory ; for 
external rendering i of cement and 3 of sand is advised. 


In the discussion which followed, some interesting^ points were raised, which we 
trust will have the careful consideration of the Committee dealing with these questions. 
In the course of his criticism of the two reports, Mr. Alban N. Scott made reference to 
the constant use of the word “crazing,” which in the first report evidently meant a 
form of crack, and in the second report was used probably in its more true sense, 
namely, meaning “ flaking oflf.” He also disagreed with the suggestion that concrete 
should be fairly liquid and the advocacy of bringing the finer particles to the face of 
the concrete. He show^ed that according to the first report this latter recommendation 
caused “ crazing ” and cracking, and, moreover, he pointed out that it is robbing the 
concrete, which is actually carrying the weights, of its proper proportion of cement. 
He further discussed the question of dates for the removal of the centering and moulds. 
He thought it quite wrong to remove the moulds quickly, in order to obtain a good 
appearance, as this practically amounted to sacrificing strength and durability to effect. 
He questioned the dressing of the concrete with hand or pneumatic oj^erated chisels 
and hammer. He also made suggestions regarding the removal of forms for walls 
and arches, sides of beams, etc. He pointed out the ambiguous use of the expressions 
“ moist air ” and “ dampness ” in connection with steel, and suggested it should be 
clearly defined what was meant by them. Finally, he spoke at some length on the 
question of expansion joints as dealt with in the reports. 

Dealing with the report oh the Surface Treatment of Concrete, Mr. Percival M. 
Fraser said he sympathised with the views of a previous speaker, and had hoped more 
would be said about surface treatment, which means treating the surface after it is 
there* whereas the Report apparently aimed at putting a surface on, which is not in 
accord with its title. ‘ Nothing is said about weather-proofing the surface. Some recom- 
mendations as to how to avoid honeycombing would have been invaluable, as it is a 
' ve^ contmon fault, Only m passing reference is made to this in the report. The 
fhiethoft. of ql>taining a goc^ surface by working up and down the shuttering with a 
the appIk^aB of a mixture of $an^^ and cement to the inside of the moulds were 

: : pile nietlfl^ qf a mce-lodring surface to ooncrete is not mentioned in the 
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Import at all, viz., the application of a good coat of distemper, which should be put 
on immediately the centering is struck and a further coart should be applied just before 
leaving the work. It has an extraordinary effect in filling up pores, and any tint can 
be used. Some buildings have recently been put up in Jamaica and the surface treated 
in this manner and they looked delightful. No reference is made to the safety of 
painting concrete, which is an obvious method for finishing off the surface. 

Another speaker said he had been rather hoping that the reports had made some 
mention of the various patents for rendering the surface of concrete waterproof. 

A suggestion as to waterproofing was put forward by Mr. Henry J. Harding, who 
advocated a really good blue lias lime, thoroughly burned and more thoroughly selected, 
perfectly divided and mixed in its dry state with Portland cement in a certain 
proportion — viz., i : 3 or i : 4 in its hydrated state, which is about 2 ^ times nyore than in 
its caustic state, with 3 or 4 of cement. 

Thd same speaker gave details of some interesting experiments he had made with 
graded granite chippings. 

It was stated by the President that if concrete is prf>p<Tly proportioned and made, 
it is absolutely impervious to water, and w^here it is found not to be waterproof it is 
badly proportioned and badly made with an insufficiency of cement. He also related in 
some detail his experiences about the striking of the shuttering, and pointed out 
there w'ere cases where the shuttering had been struck on structures 130 ft. high in 34 
hours without detrimental r<‘sults; on the other hand it is doubtless often advisable to 
leave it up as long as possible in the case of certain walls. At this point Mr. Alban 
Scott interposed, and said that even if such be the case, in a report of this kind, — which 
is probably to be issued to people who are not so conversant with the question, — some 
cautioning clause should be inserted. 

The various criticisms put forw'ard were replied to at length by Mr. Workman, 
who assured those present that all the suggestions made would receive cartfful 
consideration. 






39 » 



F. MENCL. 



BRIDGE OVER THE MOLDAU, NEAR THE ISLAND 
OF STVANICE, WITH SOME HISTORICAL NOTES 
ON THE OLDER BRIDGES OF PRAGUE. 

By F. MENCL, 

Engineer-in-Chief, Prague >Municifial Commission of Public Ways. " 

{Tranalaied). 

• An imporisnt bridge has recently been erected in Prague, the form of construction being 

Reinforced Concrete, and, as much difficulty •was encountered in the iDork, the foUozoing 
particulars of the new bridge, with some historical notes of Prague* s older bridges, may not 
come amiss*— ED, 

MistoricaL 

There are many bridges in Prague which are of considerable interest. As far 
back as 1169-71 a bridge was erected in stone 514 m. long. This was one of 
the first large arched bridges of the Middle Ages. This bridge had but a short 
existence, for it was washed away and demolished by a tk)od in 1342, but of its 
twenty-six arches three have been preserved in the cellars of the houses on the 
bank of the river. 


In 1357 King Charles IV. ordered that a new bridge be constructed, and 
this now bears his name. This bridge consists of sixteen arches, and it, too, 
suffered several times through floods, as its foundations lacked depth, but it 
has always been kept in repair. On the last occasion on which it was restored, 
after the flood of 1890, the repairs cost nearly 2,500,000 francs. (For illustr 4 itiori 
see page 401.) 

The three Gothic towers which are to be found at cither end of the bridge, 
and the double row of statues of the “ Baroque ” period which decorate its 
parapets, form some of the most remarkable monuments of Prague. 

Until the nineteenth century the Charles IV. bridge was the principal bridge 
in Prague. It was not until 1846-50 that Negrelli, a Swiss engineer, executed 
the double-way viaduct, of 1,100 m. in length, which connects the State railway 
station to HoJesovicc. 

In 1868 the suspension bridge, called “ Ordish-Leffevre,*’ was erected with 


two lateral spans of 50 m. and a central one of 150 m. This was reconstructed 
in 1897, and the primitive chains were replaced by cables* 
f j Tbe Pabieky bridlge, of Mone construction (named after the Czech politician 
was erected jte ,1876^78. Its seven arches are from 27 m. to 
(by Mysltwk) decorate its approaches. 

18^1900 replaced a suspension bridge, 


iiP 18^1900 replaced a suspension bridge, 
maximum width of 4a m * ; it is 340 m. long and 
erection was .soitiewhere about 4,160,000 francs. 


of the Alma bridge in Paris. 





REINFORCED CONCRETE BRIDGE. 




% The railway, bridge near Vysabrad did not improve the district with its 
three bowstring girders of 72 m., and this type of t)ridge is not worthy of an 
anctent capital. 

The bridge njiined after the poet Svatopluk Cech was constructed in 
1905-S. It has metal arches with rigid spandrils of 48 m., 53 m., and 59 m. 
in width. 

But sufficient of history, as it is principally the new reinforced concrete 
bridge near the isfand of Stvanice which is under review here. 



Detail of Pier of Bridfje over the River. 

Rbinforcki) Concrete Bridge over the Moldau, Prague. 

The New Reinforced Concrete Bridge over the Moldau, Prague. 

For a long time a certain amount of prejudice existed in the large cities 
against reinforced concrete bridges. Where such bridges were built the con- 
crete fa9ades were carefully covered with freestone, as, for example, in the case 
of the new bridges of Munich and Dresden. Therefore the decision to construct 
a bridge entirely in concrete in an ancient capital must be looked upon as a new 
departure. 

It must be admitted that the work did not proceed without overcoming 
some obstacles. Owing to prejudice, one half of this bridge was constructed 



Detail of Arch Centering of Bridge over the River. 

Rt iNFORCEO Concrete Bridge over the Moldau. Prague. 


with metallic arches in 1908-9 (two spans of 46 m.), in spite of the fact that a 
concrete arch design had been prepared. But the new bridge over the large 
arm of the Moldau, with its fa9ades made to imitate stone, its balustrades, 
mastff, plastic decoration, and sculpture, was builfcentirely in concrete. 

This bridge is divided into two secti<jns : the one traversing the river at a* 
height of about i2’50 m, at low-water mark, and cornprising three large arches 
of 39 and 36 m. span, with an inclination of 69® ; the other section, over the 

m ' ' 
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island of Stvanice, is 7 m. high and comprises four small arches 17-85 m. span 
the angle of inclination increasing here from 69° to 75°. 
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tte idd-s . ^nd abutments for the large arches were 
^ and direct imniping ; the rock is uncovered at 
is not very deep. 







P]aa of entire Bridge 

REiNroRCED Concrete Bridge over the Moedau, Prague. 
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The large arches are of concrete without reinforcement, as thel'e w^re 
various prejudices against* reinforced concrete, and at Dresden and Munich — 
towns not far from Prague — large concrete bridges had already been erected 
without reinforcement. Such bridges very closely resemble stone bridges, and 
these always inspire confidence among the general public. (A, new one at 

Prague, 
near Troja, 
for w hi c h 
the design 
has also 
b e e .n pre- 
pared, is to 
have a cen- 
tral arch, of 

55 m., of 

r c i n f orced 
^ 0 

concrete rib 
cons truc- 
tion, which 
must be 
considered a 
d e c i d edly 
p r ogressivc 
step. ) 

The 
links of the 
big arches 
consist o f 
lead plates 
of lo mm. 
th ick n esS, 
which are 
2 00 mm. 
wide at the 
k e y St one 
and 240 mm. 
wide at the 
a b utments ; 
these are in- 
serted be- 
tween blocks 
of granite^ 

at the crown, go cat. over the abut- 
a^tis of the arches ooincides 


sj^gested by th^ Atnidontiiers 
of the .woffk, and a new 
i sdii^th^ng distinctive from the 






View portion of ootnpleted Bridge. 

Reinforced Concrete Bridge over the Moldau, Pragl*e. 
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preceding ones and those still to be carried out. (At the present nkiment/a 
four-arch bridge is being •built of 38 and 42 m. span.) They broaden con- 
siderably towards the abutments, so that the loads are not concentrated locally. 

The available width between the inner faces of the parapets is 16*20 mm., 
the roadway being 10 m., with two pavements of 3*10 m. o 

As the arches only have a width of 15*90 m., the parapets are carried in 
cantilever. ® 

The main spans have been executed in three zones of 6 m. and 7*95 m. 
width, in contact, but distinct. There was a twofold reason for this. The 
arches ane very oblique, and this simplified the work. It was, as a matter of 
fact, i>ossible to concrete one zone of each arch in four or five days, and therefor*e 

a zone only consists of six 
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large voussoirs. If, on 
the •'other hand, the arch 
had been carried out in 
one single zone 
15*90 m., it would have 
been necessary to have a 
large number of narrow 
voussoirs. 

The piers h..ave a 
width of 4 m. at the abut- 
ments and are i : 8 con- 
crete, faced with dressed 
granite back and front, 
with small ashlars on the 
sides. 

The left and right 
foundations are respec- 
tively 10*70 m. and 9 m. 
wide, but the concrete is 
fairly poor — namely, 
1 : 12. 

The small arches 
over the Stvanice Island 
are somewhat irregular. 
The abutments are bn 


a line sloping at t : 215, and the piers are not parallel, as the angle of inclina- 
tion f^m 6 gP to 75 ^* The opening downstream is therefore 45 cm. 

nave teen simpler to widen Now 4 pier down- 

■ 1 mate? bridge lighter, and has gone to 

^mits ' pf this form of construction being 
been vety dififitult if carried oiit in 

jifeiti anid upper ^ surface of the small arches 
The thickness at the 
and 7)^'an4.the^atetment,' 
jj; are 'built* piles. , * , 
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• Plain filling lias been used over the arches bet^^jeen the facing walls. 

^ The bridge carries a water main of 380 mm., a gas main of 410 mm., and 
electric cables. 

The ma^ts carrying the electric lights and trolley wires of the tramway 
are also in concrete. 

We consider that R is a progressive step that the bridge has not been 
covered with stone, but that the entire fa9ade should be covered with a layer 
of finely crushed marble-concrete about 6 cm. in depth. This layer is not 
smooth, but has a roughened surface to imitate stone. The lower Surface of 
the arcjies has been squared and finished by means of simple wood moulds. 

The foundations for the piers were started in April, 1910, and the work was 
carried on in such a manner that it was possible in October, 1910, to construct 

_ ^ the four 

arches over 
the island. 

They 
w^re rammed 
o n October 
lolh, 15th, 
2ist, and 
26th respec- 
tively. . The 
c c n t e ring 
was removed 
on Decem- 
ber 9th, and 
the deflec- 
tion was 
about 
0*4 mm. 

The 
columns for 
the large 
arches were 
completed in 

May, 1911. The centering presented a certain amount of difficulty — ^firstly,* 
on account of the navigation, as it had been ordered that an opening of 14 m. 
sheuld be left. Further, the bed of the river consisted of layers of SUurian 
rocks, and it was necessary to fix the piles to old rails ei^bcdded in the txick. 
The centerings had sixteen main struts, ,, 

The arches were commenced oh June ai;st, and were suceessiveljf rammed 
on July 15th and August and and iand, ; ^ 

Eju^b arch was divided iiito sections, the rammihg hf i^hieh ;^|hrj|ed; 
out by commencing with the part nearest the crpWn,; th«m ;the 
The wncreiiag of each section was 'Completed '‘oh 'ih# 
lybrk the centering dropped 44, '50, and 58 n^ 
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According to the desigp, the surface of the granite blocks in contact wiJh 
the lead sheets was to be polished, but it has been left fairly rough. As too 
much deflection was feared, it was decided to compress these hinges be'fore 
concreting by means of hydraulic presses. The pressure applied was 30 tons 
(about 30 per cent, of the definite maximum pressure). ^ 

The lead hinges are placed 2 cm. out of centre^at the crown; they are 
below the middle line and above it at the abutments. 

In each system of links there is friction displacing the resultant from the 
centre ; ir^this manner it is possible to destroy in part the influence of friction. 

Steel links, 30 mm. in diameter, were employed at the grooving joints to 
act as anchors (twelve links to each arch). Where an arch is on the skew, it is 
always preferable to place anchors, especially in this case, where the arch is 
hinged and on the skew, and has no continuous axis of rojtation, and thus tends 
to separate at the zones. 

To prevent dampness, two layers of felt asphalt have been placed on the 
upper surface of the arches, with a thin intermediary layer of lead (o*i mm. 
thick). 

On September 25th, 1911, the removal of the centering was commenced, 
with the aid of a Zuffer apparatus. The deflection was from i to 4 mm. in the 
extreme arches and 6 to 10 mm. in the three zones of the centre arch. 

The cement used acquired a resistance of 505 to 617 kg. per sq. cm. at the 
end of twenty-eight days. The i : 4 granite concrete attained a resistance of 
606 kg. per sq. cm. for cubes of 20 cm. side. 

The bridge was tested from February 3rd to 6th, 1912. (During these 
days the thermometer fell to 16^0.) The ccntnil arch of 39 m. and a small arch 
over the island were tested. Two street rollers of 19 and 16 tons respectively 
were used in conjunction with eight 13-ton wagons. The rest of the load 
was made up with bricks (500 kg, per sq. m.). The main arch showed a deflec- 
tion of I mm. with one-half the load, and 1*5 mm. under the total load of 
337 tons. The small arch deflected 07 mm. 

The tbtal construction contains 12,350 cu. m. of masonry ; — • 




Concrete 10,570 cu. m. 

Quarrystone (rough) 970 ,, 

Dressed Stone (granite) 540 

Quarrystone (dressed) 180 

Brickwork 90 ,, 

The carved stonework is only 4 per cent, of the total cubic measurements. 
The c<mqret 4 S wds mixed, as follows : — 

Founda^on^ * 12 

- ; B 

^ 4 ;- 



4,050 cu. m. 
3,000 „ 

750 M 
2,030 „ 

740; 


& kg. The kiad lor the joints 

out at a charge of francs: 
towr as "tbe other bridges Jn Prague 
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which are of stone or metal have cost from 750 tto 850 francs per sq. m., 
whqreas the one here described works out at 350 francs per sq. m. 

It should be added that the bridge has a pleasing appearance (especially 
compared w^th the steel arch bridges), and the foremost of the young Czech 
sculptors are at work on its decoration, which is not yet finished. 

The bridge was designed by the writer at the offices of the Prague Municipal 
Commission of Public Ways. The architecture is the work of Mr. P, Janak, 
and the contractor was Mr. K. Herzan. 
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By A. T. WALMISLEY, M.Inst.C.E. 

(Engineer to the Dover Harbour Board,) c 

In vlev) of the impof tent position Dover holds* from * geographical point of viev>* the 
following article dealing with the widening of the Dover Pier may) claim attention^ —ED, 


The stratigrnphical position of Dover has probribly been more studied in tlie 
past than its strategical position. Its geographical position with regard to 
the Continent gives it premier importance for international communication. 

As early as the end of the third century I>)ver was acknowledged to have 
been a place of note, but the commencement of the history of Dover as a 
harbour of refuge is claimed by the fifteenth century. Soon after King 
Henry VJI.*s accession he assisted John Cl.irk, Master of the Maison Dieu, to 
add to the natural headland a wall of chalk filled in with earth, and to build 
at its extremity a tower, with the addition of m<x)ring rings, and such was 
the satisfaction given by John Clark’s wall that the haven providing shelter 
from prevailing south-west winds received the name of “Little Paradise.” 
The wall w'as strengthened and secured by the natural deposit of shingle from 
the west, and was intact when King Henry VIII. cjime to the throne in 1509. 
Later on an extension of the wall became necessary in consequence of the 
accumulation of shingle closing the entrance of the harbour — a trouble repeatedly 
esiperienced during many generations until the Admiralty Pier was constructed 
in the latter half of the nineteenth century. King Henry VIII. spent a large sum 


on work designed to prevent the beach collecting at the harbour mouth and 
stopping the passage of vessels. With this object he brought by water-car-riage 
blocks of stone and chalk, which were sunk to fprm a foundation, the intention 


bein^ to build a mole, or pier, seawards; but prior to its completion other 
demands on his revenues compelled him to abandon this undertaking. The 
unfinished ;WOrk reipains to this day, and is locally known as the mole rocks, 
situated the Resent north pier to the inner harbour. 

; ylii ' thf ; Act .was pas^ for the benefit of Dover Harbour. 

owned by subj&ts of the Crown, 
discharging within the realm, 

' question in Dover^ was 
.granted a hew Charter, which 
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stated in substance as follows : — The important Port of Dover had gone to 
decay and was deemed unsafe for ships. It recited that, as Royal patrons, 
Kings Henry VII., Henry VIII., Edward VI., and Queens Mary and Elizabeth 
had expend^ large sums of money upon this port, and that King James 1 . was 
also determined to expend money in order to preserve it. A Lord Warden and 
ten assislanls were appointed by the King, with power to fill up vacancies on 
the board as they occurred, for the government of the whole property of the 
harbour, with the care of land, houses, buildings, cranes and wharves ; and 
under their Charter, with some additional Parliamentary powers, tl!e harbour 
was governed till i86i. 

In i6io passing tolls expired by efflux of time, after which Dover Harbour 
had to depend upon tolls, dues and rents until 1662, when passing tolls were 
renewed and extended during the reign of Queen Anne (1702-1714). 

The date of the seal of the present Dover Harbour Board is 1646. 

« In 1769 John Smealon, the eminent engineer, reported upon Dover harbour, 
but from lack of funds nothing was immediately done. 

I 1 ic ‘'Public Advertiser*' dated April 13th, 1792 (published at Ivy Lane, 
Paternoster Row, London), contains a quotation from an evening paper dated 
March iqth, describing Dover Harbour as being “ naturally one of the best in 
the kingdom,” but points out that the entrance is too shallow and that the bar 
then existing should be removed. 

A line of sjuling lx)als between Dover and Ostend was then crossing, 
weather permitting, twice a week. 

In 1844 a Royal Commission re{X)rted on the area, outline and materials 
recommended for an artificial harbour at Dover, together with comments on the 
position and desirable width of entrance to an enclosed area of 520 acres to 
form a harb>iir of refuge; and in 1846 a further report recommended the 
prescribed area of 520 acres to be considered a minimum requirement for the 
harbour of refuge at Dover, also that an eastern and western entrance be 
provided so as to permit a free tidal current through the harbour, with a 
southern breakwater placed as nearly as possible in the direction of the flood 
tide, and in a depth of seven fathoms at low water level. 

Prior to the commencement of the Admiralty Pier in 1847 the harbour was 
frequently inaccessible owing to the bar formed near the entrance, when vessels 
had to lie off in the bay. It is of interest to note that while the concrete blocks 
used upon the Admiralty Pier as originally constructed were three to seven tons 
in weight, the blocks in the Admiralty Harbour as now constructed weigh 
42 tons as used in the foundations. 

In 1861, when the London Chatham and Dover Railway was opened^ we 
find the final abolition of passing tolls, and the control of Dover Harbour is 
transferred from the Warden and assistants, as constituted by King James L, 
to a Harbour Board consisting of the Lord Warden of the Cinque Ports, two 
bqrgesses of Dover chosen by the Town Council, one representative each of the 
Admii^alty, of the Board of Trade, and of both the Squth Eastern Railway 
1, Company and of the London Chatham #nd Dover Railway Company* 
London Chatham and Dover Railway Company took up the Meil Service: 
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Captain Morgan was the first Marine Superintendent under the Londolii 
Chatham and Dover Railway Company. He was thirty-five and a half year;^ in 
this office, and was succeeded by Captain Dixon, the present Marine Superin- 
tendent at Dover and Folkestone. 

C- 

Among various forms of passenger steamships we find the Bessemer steam- 
ship, which was an independent venture. The Castalm also was extra to the 
Mail service, but its speed was insufficient. The original Calais-Douvres* 
boiler and funnels soon wore out, and its speed was only 13*2 knots. The 
Invicta, w^th double rudder, could not conveniently turn in Calais Harbour. 
Several other vessels of the paddle or ordinary twin-screw type followed. ^ 

In 1882 the Dover Harbour Board obtained an Act for works in connection 
with a deep water harbour, but the works were subsequently postponed pending 
the Government’s consideration of a national harbour. • 

Referring to the inner basins of Dover Harbour, its existing extrance, 140 ft. 
between timber framed piers filled with rubble stone to high-water level, leads 
to a tidal harbour having an area of about 13J acres, including the area of this 
entrance passage. Situated in the inner harbour, the Granville Dock has an 
area of about 4! acres within the gates, and the entrance is 65 ft. w'ide, with 
21 ft. clearance over sill at high-water spring tides. The Wellington Dock has 
an area of 8J acres within the gates, and the entrance of 70 ft. wide, with 
15 ft. clearance over sill at high-water spring tides. 

In 1891, the Dover Harbour Board obtained Parliamentary powers to levy 
a poll tax of IS. a head on passengers landing or embarking at Dover, in order 
to provide funds for an eastern pier, commencing near the Clock Tower, to 
form the eastern arm of a proposed deep-water harbour, and to provide shelter 
for a site for a Marine Station on land to be reclaimed from the sea to the east 
of the Admiralty Pier, also to abandon certain works for which powers had 
already been obtained. This policy became urgent, as there appeared at the 
time no certainty that the shelter of. a Government harbour would ever be pro- 
vided upon the south and east of I^over bay, and under this Bill power waS 
obtained for the extension in an easterly direction for a distance of 580 ft. or 
thereabouts, to form the western head of a commercial harbour, leaving an 
entrance of 450 ft, between the pier heads. 

In 1892 the Dover Harbour Board let a contract to Sir John Jackson for 
the Prince of Wales Pier works. The shoreward end of this pier, for 1,260 ft., 

18 formed by an iron viaduct, to allow the tide to run through, with a clear 
headway of 15 ft. above high water^ on the supposition that no outside sea- 
works would then be constructed. 


In 1897 the Naval Works Act” included the building of the Admiralty 
Hafbour enclosing the Harbour Board’s eastern pier, and in 1898 the Dover 
Board a further Act, extending the area enclosed by the 

having an entrance of 480 ft., between 
WiUts Pier and' the head of a spur 
side of the Admiralty Pier extension. 

^ fpf 'converting the tidal har- 

by a 'deep-water lock, and other 
^ t^feception by H.I.M. the Gernrian 



THE WIDENING OF THE DOVER PIER. 


feinperor at Potsdam, of a deputation of the Hgrbour Board, the Emperor 
expressed the opinion that Dover Harbour would become a convenient port of 
call for the German Atlantic liners. 

In 1904 the first passenger train traversed the Prince of Wales Pier and 
its approach railway on January 27th, and in the same year the landing stage 
upon the eastern side •f the Prince of Wales Pier was subsequently used for 
the accommothtion of Atlantic liners to call at Dover, railway communication 
being established by the Dover Harbour Board between this landing stage and 
the S.E. and C. Railway main line at Dover Harbour Station.^ The s.s. 
Deutsfhland, Hamburg-American Line, made her first call at the Prince of 
Wales Pier on July 22nd, 1904. 

In 1906 an Act of Parliament was obtained under which the Dover Harbour 
Board were cmpovfered lo 


render the Admiralty Pier 
, (which was originally con- 
structed only as a break- 
water) suitable for the em- 
barkation and disembarka- 
tion of railway passengers. 
By the powers conferred in 
this Act certain works pre- 
viously authorised were 
abandoned, and agreements 
made between the Harbour 
Board and the Commis- 
sioners for executing the 
office of the Lord High 
Admiral of the United King- 
dom of Great Britain and 
* Irejand, popularly known as 
“ The Admiralty,’* also with 
the South Eastern and Chat- 
ham Railway Company, were 
confirmed. 

The turbine system, ap- 
plied by the Hon. Mr. Par- 
sons after having gained a 
fame on the River Clyde, 
was soon extended to the 
English Channel. The first 



vessel so constructed was the 
Queen, which was 310 ft. 
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long, and the latest vessel of this type on order is stated to be 344 ft. long. 
The distinguishing feature of this system is the reduction of vibration to a 
.minimum, while the manceuvring powe^ is manifest tp all ^avellefs. . # 
The Prince of Wales Pier forms the boundary betwei^ the Admiralty ,Har« 
bour and the tCommercial Harbour, both within the Dock Yard of Dover, and 




while the east side of this piy, which is about 2,910 ft. in length, is reserved to the 
Admiralty, the Dover Harbour Board have provided railway platforms on the 
west side for use when circumstances render it preferable to bring the mail 
train by the Prince of W ales Pier railway to this pier, instead ^of upon the 
present Admiralty Pier. 

In 1909 the reclamation works east of the Admiralty Pier were commenced, 
designed to provide iij acres attached to this pier as a site for a railway station 
and sidings, and leaving 64 acres at low-water level for the purposes of the 
outer conynercial harbour. This reclamation up to coping level has been 
executed by the Harbour Board. The marine station will be erected by the 
railway company on the reclaimed site, and will provide ample accommodation 
for Continental traffic. 

The modus operandi for the construction of the reclamation wall is as 
follows : — In the first instance a staging is built, formed of braced timber piers 

upon each side of and clear of the foundation site of the main wall. 

These staging piers are about 40 ft. apiirt and fire built by aid 

of a cantilever pile driver, being subsequently connected by longitudinal girders, 
over which Goliath cranes travel. The same triple process has been adopted 
by Messrs. S. Pearson & Son, the contractors for the present recla- 

mation work, as was followed in the National Harbour construction. The 
range of spring tide is 18 ft. 9 in. and of neap tide n ft. The first operation is 
the removal of all soft material by large mechanical diggers or grabs, which 
are lowered either from the Goliath or by a floating crane. The grab», which 
are open when lowered, have their projecting teeth drawn together in the sea 
bed by chain arrangements so as to bring the excavated material above water 
and deposit it in barges for dispersal at sea. Next follows the service of a large 
diving bell suspended from the Goliath, which emibles the surface for foundation 
to be accurately levelled, and finally concrete blocks made by machinery are set 
in position* by the helmet diver. 

The following description of electric travelling concrete mixer, designed by' 
the late Mr. A. H, Owles, and built by Messrs. Jessop & Appleby Bros., Ltd., 
Leicester, is of interest in its provision of a very efficient plant, referred to in 
Transport in the following terms : — 

** Before proceeding to describe the machines it may be well to direct atten- 
tion to the reasons which led Mr. Owles to devise this ingenious system. The 


Y^jects. to be attained were the perfect mixture of materials in correct propor- 
tion$i which is essential, and the immediate delivery of the quite freshly made 
■epperefe into the block moulds; also (from an economical point of view), to 


the work being performed rapidly and economically as regards cost of 
i itabour. The importance of these conditions being unerringly fulfilled is evidently 
; Aeoes^ary when consider the vast mass of materials required for the making 

are.:now almost universally employed 








is one cubic yard, is of the well- 
Strm steel-tframed carriage, provided 
1 ^, revolves the mixing vessel, whilst the 

darrlhge, 'S> that the operations of 
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nitxing and travelling can be performed simultaneously. The proper charges 
of materials are fed into the mixer from hoppers and the charging door closed ; 
the machine is then travelled to and over the block mould, the mixing vessel being 
,meanwliile rotated by the motor provided for that purpose. The number of 
revolutions made are indicated by a dial within view of the attenthmt, and when 
about fifteen re\olu lions gre registered — the number required to ensure complete 
mixture — the mixer motor is stopped (the machine being then in position over 
the block mould), the mixed concrete discharged, and the machine returned for 
another charge. Brakes are supplied both to the mixer turning ^ear and 
to the traveller motion. 

Several other types of machines produce good concrete, but there can be no 
doubt that the plant now described leaves nothing to chance, every provision 
being made for the production of perfect concrete at a remarkably small cost 
for labour. 

The motors are of the slow*speed, enclosed, waterproof type required for 
tfie rough duty and exposure which is unavoidable in a bl(x:kyard. They start 
easily with' considerable overload and are provided with efficient rheostats. 
The motor for travelling the carriage combines an ingenious and reliable 
device for maintaining the gear in proper pitch. The travelling wheels are of 
steel and the axle bearings are fitted with springs. The motor for revolving 
the mixing vessel is at the oppo.site end of the carriage, the main driving wheel 
being enclosed in the wioughl-iron casing on the right. The pointer indicates 
on the dial the number of revolutions made by the mixing vessel, and is in view 
of the driver. 

These machines travel at about six miles per hour, and a strap brake, con- 
trolled by the driver’s foot, prevents over-running. 

The mixer track is above the block moulds, and the gauge admits of the 
block being lifted vertically by any suitable crane, usually by a Gk)liath crane. 

The outpiit is about 120 cu. yds. of concrete per day of ten hoillrs, each 
charge being mixed during the time occupied in travelling from the charging 
platfdrm to the block mould. Thus, while the output does not much exceed that 
of a fixed mixing machine, no locomotive or other hauling appliance is required, 
there is large sjiving in time and labour, and the concrete is delivered quite 
fresh from the mixer. 

The reclamation wall, 2,260 ft. long, having to stand in an isolated position 
until the filling at back was executed, was designed by Mr. A. T. Walmisley 
to be constructed as a 50 per cent wall — i.e., the width of the base is half 
the height. The interior between the new wall and the old Admiralty Pier is 
filled with chalk, which will cover iij acres, upon which the new marine railway 
station is being built, for which concrete piles upon the Considire spiral reinforced 
system are being prepared and driven. The spiralled concrete piles used at the 
inset landing are octagonal in section, formed of 3 to i Portland cement con- 
crete, reinforced with light vertical iron rods, bound with twisted wire iij spiral 
fashion and shoed with cast-iron points and wrought-iron straps, forming a pile 
17 in. by 17 in. across, which was allowed to season for ten Wedcs prior 
%riving. The length is 62 ft. , and as a rule a set 61 3 in. gave 
with a 42-cwt. ram falling 4 ft. 6 in., Some of the railw^ay station 

' ^ ■ ' . ' v:' 
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foundation piles are fs Four berths will be provided along 

the new wall, consisting of two main berths for embarking and disem- 
barking passengers, one for coaling purposes, and one for emergency. There 
will also remain the service of a deep-water berth 780 ft. 3 in. 'long, built of 
blue gum main piles and provided wdth two lower landing decks approached by 
steps. This is at present used for the Continental sePvice in connection with ii 
temporary station accommodation during the progress of the Vorks. Cranes are 
provided for dealing with baggage, and every endeavour made to expedite 
transit bfetween water and land; but ports, like men, must be judged not by 
what they look like, but by what they do. Owing mainly to the geographical 
position, the traffic between Dover and Calais will always remain predominant. 
The Channel passenger traffic returns for the week ending Saturday, May lolh, 
are as follows : — From Calais, 4,970; from Ostend, 1,7;!^); to Calais, 4,069; to 
Ostend, 3,198; to New York, 14. In regard to the Belgian State Railways, 
it is officially reported that the number of passengers carried between Dover 
and Ostend during 1912 was an increase of 12,514 over the previous year. 
This is said to be due to the fine turbine steamship service of the Belgian 
State Railway, which has made the sea passage from Dover to Ostend such a 
short and pleasant one, and has increased the popularity of this route 
among Continental travellers. When the new railway station and its appendices 
are completed there is no doubt a large increase of Continental traffic and con- 
nections for tr&ns-Atlanfic traffic wall be the result. The port of Dover possesses 
an advantage over both the port of Liverpool and the port of Southampton in 
being an open roadstead, and thus avoiding the time occupied in traversing the 
approach channel leading to either of these two ports; but Dover is at a dis- 
advantage in having no adequate space for quays, piers, docks, warehouses 
and sheds, except that reclaimed from the sea, and with the advent of Kent 
coal thi^ must be provided. 

ITie contract for the New Marine Station is now being executed by The 
Butterley Iron and Steel Company, of Derbyshire, who built the St. Pancras 
Station for the Midland Railway. Messrs. S. Pearson and Son, Ltd., who built 
the Admiralty Harl>our, Dover, were the contractors for the pier widening, and 
Mr. F. W. Duckham, M.InstC.E., was their agent. Mr. A. C. Hurtzig, 
M.Inst.C.E., was consulting engineer; Mr. H. Sadler, M.Inst.C.E., resident 
engineer, and Mr. A. C. Bonsor assistant resident engineer. 
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REINFORCED CONCRETE] 
BEAMS. I 

ON THE RESISTANCE OF BEAMS 
SUBJECTED TO FLEXURE. 

(1) SOLID RECTANGULAR BEAMS- 
SUPPORTED ENDS FREE 


By ALFRED FYSON. M.lnstJC.E. 

The first Mcle by the Author on the tbove subject appeared in our May 
issuer —ED* 


« Theory ot Partial Exclusion Genera! Conditions and Derivation 

of the Equations, 

Some of the general comditions on which this method is based have already been 
given, and amongst them it is laid down that the value of the concrete in tension is to 
be neglected ; in some cases it is also specified that there shall be no “ tension ** cracks 
in the concrete — a very proper stipulation, but whether it could be actually maintained 
if the permissible strain on the steel reinforcement wore reached is a matter hardly open 
to doubt. 

In ottler to provide a definite base for these investigations, the particular and 
limiting conditions of stress and strain will be deduced from the Report of a Joint 
Committee on Reinforced Concrete to the Royal Institution of British Architects 
(year 19x1). 

The only part of that report which is required here is that relating to beams and 
similar members, the main particulars for which appear to be as contained in Table 1. 
herewith and as follows : — The concrete recommended is a 1:2:4 mixture; that is, 
one part of Portland cement, two parts of sand, and four parts of stone aggregates, no 
slone^for the latter being more than } in. in diameter. 

The limit of stress on the concrete given in the Table 1. is on the supposition that 
the crushing strength of the material is not less than 1,800 lb. per sq. in. at twenty-eight 
days old, and not less than 2,400 lb. per sq. in. at ninety days old. In each case the 
tests for the crushing strength may be carried out on 4-in. cubes, the mixture being 
permitted to be well punned into the moulds. Generally the allowable working stress 
on the 1:2:4 concrete may bq, taken at one-third of its crushing strength at twenty- 
eight days old, such stress to be deduced from the average result of the tests taken. 

The steel used for the reinforcement ought not to be nearer the surface of the 
concrete at any point than i in. in beams, and i In. in floor slabs and other thin 
structures. 

Table I— as compiled from the Report, 

Lbi. p«r tq. in. 

Maximum working stress on the concrete in compression (Fo) 6p0 

Maximum working stress on the reinforcement (mild steel) in tension (F«) 16»000 

Modulus of elasticity of the concrete (Be) ••• . ••• 2,p00|000 

Modulus of elasticity of 'the steel reinforcement (B«) ... 30,006,CWP 

I Formulae constructed on the basis of tho above.;mentioned particulars are, In tiA 
case of beams and similar members, to be framed on the sup^sltkm that the , 
sional resistance of the beam is to be taken entirely by the st^ reWorpsihent. 
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The equations required for the ** partial exclusion ” theory can, be easily deduced 
from those already determin*^ for the “ complete inclusion ** theory, as will now be 
shown ; — ' 

Let the diagram, Fig. 4, be constructed* generally similar to Fig. i, certain s3rmbols 
being here altered to suit the altered conditions. o ‘ 
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(Tension in Concrete Neglected, 

To find do, which determines the position of the supposed neutral axis. 

From equation (7) the value of the forces in compression is found by making m= i, 
as the stress-strain curve is now supposed to be represented by an inclined straight 
line. 

Calling Ao the sum of the forces in compression and substituting do for 


Then 




.BFodo 


(17) 


For internal static equilibrium the forces in compression and tension must balance. 
As the tension in the concrete is to be neglected, the reinforcement alone has to provide 
the necessary resistance. Let Al denote the value of the forces in tension, due to the 
extension of the steel reinforcement. 

Then' a'.=A'o=^^^ 

2 

From (9) by changing Ag into Al and Vq into do it is found that 

y J ' 

Also whence as (xxviii) 

Ft 

The first part of (xxviii) is due to the fact that the total resistance of the reinforce- 
P ntent is the product of its sectional area a, and the permissible unit stress F*. 

Substituting in (xxvii) the value of at in (xxviii), ^nd for rr its value given in (10) 
also changing Ee into Fo« there results the following equation which must be solved 
, lor 


(xxvi) 


(xxvii) 




Whence 



V Wuf’:'' ' . 

th^ nnttwicel equivalents in Table L be substituted. 


(xxlx) 

(lb) 


U8a) 

k 89 » expressed as to he In accord- 


^ the Report. 
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% To* find M^, the moment of resistance at the section aa^, Fig, 4. 

This is the sum of moments of the internal forces in (fompression and tension about 
the Supposed neutral axis XqOX, as determined by do. 

Thus MR=Mo+Mi (19) 

•In which M^is the moment of resistance due to the compression in the concrete, and 
Ms is that due to the resistance of the reinforcement in tension. 

In (13) change Mo into Mo, vl into dj and make m = 1. 

Then * Mi=-^ (20) 

For the moment of resistance Mi of the steel reinforcement; in (x|iv) change 
Ms into Mi, As into Al and v into d. 

Thfen Mi = Asd (xxx) 

The va/uc of Ag is ^iven in (xxvi), and as d is equal to I) -do, 

Then . M's=~^^'’[D-do) " (21) 

Collecting the terms on the right-hand sides of equations (20) and (21) and reducing, 
• Then = (22) 

For the symbols in (22), let th^ir numerical equivalents in Table I. and eejuation 
(i 8 a) be substituted. 

Then Mi? =95 *045/)“ (22 a) 

Equation (22A), which is a special form of (22), is so expressed as to be in accordance 
with the given numerical values contained in the R.I.B.A. Report. 

As the foregoing equations (17) to (22A) are derived from quasi-scientific particulars 
— one important element of the beam being entirely omitted — they can only be regarded 
as purely empirical, and at the best are only approximations more or less applicable to 
some special case. They are, however, accc^)tcd in a general sense in principle by 
many writers on the subject, and most of the work of actual construction is designed 
according to their results ; and, although those results are not always in harmony with 
expectations, due respect must nevertheless be paid to methods — in w^hatsoever manner 
they may be derived — which are apparently generally recognised as suitable for ordinary 
practical requirements. » 

, It is sometimes required to increase the strength of a beam without increasing its 
extenor dimensions, and this is effected by augmenting the sectional area of the rein- 
forcement beyond that given by equation (xxviii) ; it is not intended to consider here any 
details relating to such incTcase of strength, but it may be mentioned that in general 
the actual increase will be found to be small compared with the considerable and 
sometimes large augmentation of metal required to effect it. 


Primal Numeiieal Data tor comparing the two Tbaorlea, 

For the direct comparison which is to be instituted between the two methods just 
examined and formulated algebraically, it is necessary to deter^ 
mine various numerical data which will be required to serve 
as primal or initial quantities for such comparison. The 
computation of such data is effected by means of the equations 
(17) to (22a), and in accordance with the conditions of the 
** partial exclusion** theory, the provisions set forth in 
Table I. and those accompanying it. Let a beam of rgioforced 
concrete be assumed, its section ’ being of, some definite 
dimensidns, and let such section bs maintained thtougi^qt 
for purposes of the comparison. ^ 

Pig. 5 represents a section of the proposed beam, the dims^bhe 
stated, and the reinforcement consisting of a steel rod or bar. #; 
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The results contained in the following Table 11. have been calculated in abdordaiyje 
with the particulars given above, and they form the primal numerical data required for 
the comparison. 

TABi^B //. 

** PMriU Bxctvslon '• Theory— Teauioa in Concrete Neglected, Vide Fig, 4, 

Primal numerical data for comparative results : — 

Mr — ^The Moment of Resistance of the section ... 
do — The distance below the top of the beam to the 

plane of the Neutral Axis 

as — Tbi sectional area of the steel reinforcement 

— The shortening of the concrete in compression on a 
length of one inch due to Fo, t.e., 600 lbs. per sq. in. 

— The lengthening of the steel reinforcement in 
tension due to ».c., 16,000 lbs. per sq. in. ... 

Although the concrete in tension is neglected so far as calculation is concerned, it 
is supposed to remain unimpaired throughout ; it will, therefore, be subjected to the 
ordinary conditions of bodies under the influence of Flexure, consequently, there will 
be an extension Xr at its lowest plane, which is deduced from the following fatio : — 

Xt l H do do 

in the present instance then Xt=637 millionths of an inch. 

The meaning of this last equation (23) and its result is that in order to permit the 
steel to take its full permissible stress of 16,000 lbs. per sq. in., and therefore its full 
extension the concrete at the bottom of the beam would have to elongate 637 
millionths of an inch on one inch, an amount equivalent to tt^tt of its length: failing 
that, it would be ruptured up to some point in the depth of the beam where the extension 
due to Flexure would not be beyond the limits of that possessed by the concrete. 


32,643 in. lbs. 

3‘852 in. 

0'2167 sq. in. 

300 millionths of an inch. 

533 millionths of an inch. 


(23) 


* Compiete inciueion * 


Theory, — Piein Concrete subjected to Compression 
or to Tension, 


The Elastic Stress-Strain Curves, — Before working out numerical results 
according to a rigorous theory it is necessary to deduce from experimental tests on the 
. concrete of a 1:2:4 mixture, as specified in the R.I.B.A. Report, the general 
behaviour of and the relation between stress and strain in such a material, not only for 
compression but also for tension. A rational and adequate knowledge as to those 
attributes presents formidable difficulties both for compression and tension ; as regards 
compression, not so much on account of lack of experimental tests — for they are numerous 
and often carried out with great precision and refinement— but by reason of the fact 
that those testa are not pursued far enough to determine what are the limits of strain, 
when the material is ia a state of perfect elasticity ; as regards tension, altogether on 
account of the paucity of tests which have been publicly recorded, and the unsatisfactory 
and inadequate results of those tests from a scientific as well as from a practical point 
m view. The difficulties which attend the process of testing concrete in direct tension 
aw ho doubt very considerable^ and it appears it cannot be extended for efficient 
ofh^waidohs beyond certain eoipparatively low stresses; but the bulk of literature on 
^ S^p^ears to if in something like the following manner It is of 

not, be required in the calculations; there is then no 
" It will bC; seed in tb^ hequel whether such a 

ep far as the set strain is 
stri^h of any material of t^iaary 
** elastic properties. The 
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re&iltj tests also go to prove that the “ elastic strain ” — ^which vanishes with dis- 
continuance of stress — is for any particular specimen the same linear measure for the 
same* intensity of stress, no matter how often that stress is repeated. There is a 
culminating point at which the specimen biisaks down, the exact cause of failure not 
being really kqpwn — possibly it may be attributable to shear — but elastic strain in the 
same body appears to remain a practically constant quantity for a constant intensity 
of stress. • 

If, then, the elastic strain has physical qualities of that nature it must be governed 
by regular and definite laws ; in such case the general form and characteristics — but 
not necessarily the distinctive physical properties — of the stress-strain curve would be 
similar for all materials, differing only in accordance with the kind of stress imposed. 
Thus in the case of the elastic stress- strain curve for tension, it is always found convex 
to the axis of stresses ; in the case of compression, however, no such decided character 
can be deduced from the results of recorded tests, for 4he curve is found sometimes 
convex, sometimes straight, and occasionally concave to the axis of stresses ; and the 
last-named direction may perhaps be the correct one. 

, The Compression Stress-Strain Curve . — The particulars for forming this curve 
were taken from the Watertown Arsenal Reports, U.S.A., and so far as they go they 
appear to be well-nigh perfect, not only on account of the magnitude of the specimens 
tested, and their number and catholicity, but also on account of the comprehensible 
explanations accompanying the results of tests, and the refinement to which those tests 
were carried. Unfortunately for the purposes of the present investigations, a material 
exactly comparable with the mixture of concrete as specified in the R.I.B.A. Report 
does not appear to be included, and in the instances where a 1 : 2 : 4 mixture is operated 
on, the aiqpunts of ** set ” were not taken after the first application of the applied loads 
on the specimens ; therefore a true conception of the “ elastic ” stress-strain curve 
cannot be formed with precision. Enough, however, is contained in those valuable 
tests to show in what manner that curve tends to shape itself. The results which have 
been made use of are contained in the Reports for the year 1904, and those required 
here are set forth in Table III. The specimen tested was a column 9473 inches in 
length, the section being nearly square — 12’66 in. X 12*59 in. — therefore it does not come 
into the category of “ long ” columns. The concrete consisted of a mixtfire 1 part 
** Vulcanite” Portland cement, 2 parts clean sharp sand, and 4 parts pebbles from i in. 
to in. in diameter. It was set in air and tested at 3 months and 17 days old. 
Measurements were taken on a gauged length of 50 in. in the middle part of the column. 

TABLB ItL 

1:2:4 Pebbly Concrete under Compression, 
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Thtd description of the materials constituting the test piece agrees fairly well with ‘ihe 
R.LB.A. provisional requirenients except as regards the scantling for the aggregate, as 
pebbles up to IJ in. instead of J in, in diameter were used. The variation as regards 
the elasticity of two siich mixtures up to a stress of 600 lbs. per sq. in. would hardly be 
of much importance when the age of the specimen is taken into account ; a slight 
modification has, however, been herein introduced in order to lessen the effect of that 
variation. 

The experiments on the column were continued in a similar manner to those given 
by the results shown in Table III. up to its ultimate strength, and therefore the same 
load was ?iever applied more than once. Apparently the initial load of 100 lbs. per 
square inch remained always applied. 

In the diagram Fig. 6 is delineated the compression stress-strain curve OcoCo as 
deduced from the results given in Table III, the axis XoOX b^ing the axis of stresses, 
and YOYo being that of strains; these latter are taken to represent the “elastic*’ 
strains — that is “ set” deducted — and they are plotted as for millionths of an inch on 
a length of one inch. 



It will be noticed that although this curve approximates to a straight line, yet in 
teaHty U oonalstl b£ Jtwo corves meeting in such manner that at a stress of about 
square is a point of jcdntrary flexure; from that point as the 

po^ave, and as the^ decrease it is convex, to the axis 
Oq^Co .pan hardly be considered' a true elastic 

a 

' ‘ can be arrived at ib that the 

'Ijif ' ehown in Table , III. But the- 


of , many samples contained 
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*^jtAn exponential equation which will approximately define the stress-strain curve 

OcoCo is • 

• 

rssCf m , (24) 

in which the ef^nent m and the coefficient C are found to be as follows— 


w=0‘95 


(25) 


C=: 


"4,900,000 (26) 

A special form of the equation (24) in which Fo is some particular stress and itt its 
corresponding strain is — ^ 

.r=Cli ( 24 a ) 

The dotted curVe Fig, 6 running almost coincident with the stress- strain curve 
OcoCf) represents that cusve according to the calculated results of equation (24), and it 
will be noticed that the approximate can hardly be distinguished from the real curve. 

* Oil the actual course of the ‘‘Compression " Stress-^ Strain Curve, 

A remark has been previously made that the correct form of the “perfectly 
elastic ’* stress-strain curve for compression may perhaps be such that it is concave to 
the axis of stresses^ This may be a somewhat bold suggestion to make, as it certainly 
is a heterodox opinion to hold, but in support thereof it may not be out of place here 
to examine the contention briefly — to examine it at proper length would be to enter into 
a lengthy and complex disquisition. 

In the,diagram Pig, 6a, let OXo be the axis of stresses and OYp that of strains. 

The curve OaoUo is plotted from the 
results in Table III. headed “ Total 
Shortenings,” and the curve OcoCo is 
plotted from the same results after 
deducting the amounts recorded for 
“ set ” ; thus the former curve shows 
the total strains including tlie set, and 
the latter curve the “ elastic ” strains 
according to the tests as carried out. 
The two curves OcoCp Figs. 6 and 6 a , 
are, it will be noticed, identical. 

Now there is good reason to suppose that the whole of the set was not eliminated by 
the first application of the test loads, and there is also reason to suppose that had those 
loads been applied a second time the set would have been further increased, and so on 
until no set remained, when the curve would eventually assume some such form as is 
shown by the line Obobo which is delineated as a curve concave to the axis of stresses. 
Thus the first stress-strain curve defines the co-efficient of elasticity to be con- 

tinually decreasing in value as the stresses increase — and this is the general assumption 
when it is not supposed constant — whereas the last, and assumed perfectly elastid, 
stress-strain curve Obobo defines the co-efficient of elasticity to be contionally increasipg 
in value as the stresses increase. 

A theory might be advanced iu support of this view of treatipg the compression 
stress-strain curve— not only for concrete bat for all elastic spbstanceer-but in \bo pre- 
sent instance it will be simpler to rely on the results of pra^icsl espeiippent|kl,t^9ts 
%Qcb support. Thus, indiarubber shows the cUhracteri^ics of the i^cave curve 
,, propounded in a marked degree, cas^iron also giv^ resul^s^ the curvaturp!^',1^ 

' ® .'V ■' '' 
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case being not so strongly defined, as may be easily understood. I'ests on neat Portland 
cement could be given whicH clearly prove the stress- strain curve for compression to be 
concave to the axis of stress, and experiments on sandstone are found to |;ive a 
similar result. If then the co-efficient of elasticity for neat cement and for sandstone* 
taken as separate materials, continually increases in value as the stresses increase, it Is 
reasonable to assume that when they are combined in the form of concrete they will not 
produce a contrary result. ' 

The general effect, as regards stresses and strains due to flexure, produced by an 
increasing value of the co-efficient of elasticity would be to cause some augmentation 
in all the ^stresses beyond those due to a compression stress- strain curve convex to the 
axis of stresses, but any such augmentation would of course depend entirely on the 
degree of curvature ; the numerical value of the exponent m being changed into some 
quantity greater than unity instead of ‘95 according to equation (25). The subject will, 
however, not be further considered here, as the theory of a copcave compression stress- 
strain curve will not be embodied in any of the formulae contained in these investigations, 
and mathematical proof of such theory must be left to be dealt with elsewhere. 


The Tension Stress-Strain Curve, 

After diligent research it has not been possible to discover any comprehensive or 
reliable results defining the relation between stress and strain in tension, whether as 
derived from direct axial tests on a specimen or from measured tests on beams under 
flexure, except in some isolated instances which do not extend beyond low stresses. 
Consequently a stress-strain curve for tension could not be produced in so definite a 
manner as that delineated for compression. Recourse was, therefore, had to a species 
of induction for the construction of the required curve, and the tension ctress-strain 
curve Oe'e. — Fig* 6 — was consequently evolved in the following manner: — The 
co-efficient of elasticity for the compression stress-strain curve OcoCo when, the stress 
is zero is nearly 4,000,000 lbs. per sq. in., and this defines the tangent to the curve at O 
its origin ; it also defines the tangent of the tension stress-strain curve at this same point, 
for the generally accepted theory is — and the results of experimental tests tend to con- 
firm it'-^^hat where the curves meet, they have a common tangent ; therefore, the 
direction of the required' tension curve at its commencement becomes known, and 
values below which its ordinates cannot licf^are provided. Two definite extensions as 
ordinates to the curve were then plotted, one being 31 millionths of an inch for a stress 
of 100 lbs. per sq. in., and the other 85 millionths of an inch for a stress of 200 lbs. 
per sq. in. These two important ordinates — lor they practically fix the form of 
the tension stress-strain curve — were deduced from experiments carried out by 
Professor W. H. Henby, and are contained in his paper on the Elastic Properties and 
Ultimate Strength of Concrete,*' published in **The Journal of Association of Engineer- 
ing Societies *’ for the year 1900. 

The concrete tested was a 1 : 2 : 4 admixture, the stone aggregate being limestone 
macadam up to li in. in diameter. It was well tamped in the moulds, covered with 
damp cloths for the |^t two dayfraqd experimented on and tested to destruction at 30 
days old. The testing was by direct axial tension and several diagrams of stress-strain 
^ the Va4fioU$ spedmens are given ; in one of them, of a fairly regular 

f^ the at IQO lbs*, per in. appears to be about 28 millionths, 

abbnt idiBonths of the length of specimen tested. 
‘‘‘ dltfer” than that composed of smaller stone 
the irate and toUl amount of its extensi* 
i^s than is fopnd in concrete consisting of 
le aame p^portipns for the various ingredients. On 
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th^otherVand the extensions given for the limestone mixture are total extensions which 
include those due to set," and the required values are the ** elastic " strains, or those 
from Vhich the set has been eliminated either practicaliy or by computation ; conse- 
quently some qualification became necessary in order to reduce the ** total " to 
** elastic ’’ exteasions only. 

There is probably some direct relationship between the stress-strain curve of a 
material under compression* and that of the same specimen under tension: assuming 
such to be the case if was thought that certain tests on two sets of 1:2:4 concrete 
columns carried out at the Watertown Arsenal might perhaps supply some fair means 
of approximation for the required qualification. The aggregates for the Respective 
columns consisted of trap rock up to in. and i in. diameter; the total strain at 
high stresses showed an increase of some 15 per cent, for the mixture containing the 
smaller over that containing the larger stones. 

Taking that percentage as a basis and making certain allowances, it was considered 
that an amount of 10 per cent, added to the two extensions of 28 and 77 millionths of 
an inch previously given for the limestone concrete in tension would furnish the desired 
qualification. Such additions give the 31 and 85 millionths forming the two definite 
ordinates for ‘the tension stress-strain curve Oe'e^Fig, 6, at their respective abscissae of 
100 lbs. and 200 lbs. per sq. in. Thus the direction at its origin, and two points on the 
required curve were found, but it was necessary to determine yet another point, so 
that the extension at some assumed or probable ultimate stress might be established. 
An equation in the form y=ax-\-bx*-\-cx^+i etc., carried to the 5th degree, was 
formulated, and was made to satisfy so much of the curve as was already known* 
Calculations were then made as for a stress of 300 lbs. per sq. in.— that intensity being 
supposed to be outside the limits of the probable actual ultimate strength — and the 
corresponding extension was found to work out to 340 millionths of an inch on a length 
of one inch. The curve Oe'e is plotted from the values derived in the manner just 
described, and it is intended to represent the “ elastic " stress- strain curve for the 
concrete specified in the R.LB.A. Report. 

It will be noticed that beyond a stress of about 200 Ibsv^er sq. in. the eijctensions 
increase at a very much faster rate than the stresses ; -this character of the material in 
general accords with the tendency shown by experimental tests and with eminent 
opinion on the subject. .t ‘ 

In a reinforced concrete beam M. Considdre maintains that after some unknown 
but high intensity of stress in the concrete is developed, such stress remains constant, 
whilst extensions continue to increase with the increase of extensions due to the steel 
reinforcement up to a point where the metal ceases to be uniform in its manner of 
extending, and then the concrete becomes ruptured. 

Such a theory does not commend itself as being essentially rational, nor is it 
generally accepted ; but it cannot be disputed that Consid^re’s experiments show 
conclusively that after some more or less ill-defined degree of stress is reached, the rate 
of increase in the extensions is very rapid ; and this is so well borne out by the form of 
the curve Oe'e, Fig. 6, as almost to harmonise with his theory. 

Concrete, however, is a material which probably does not differ in its elastic 
properties — except in degree — from other natural substances, and as in them increased 
ext^sions are found to be due to increased stress, so in concrete an increase* in the 
extension can only be the result of an increase in the stress: the increments of stress 
may, and apparently do, eventually become smaller and smaller, se tjbe correspomihag* 
increments of strain become greater and greater. . ; 
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An exponential equation which will approximately define the stress-strain c^e 
Oc'c, Fig. 6, is ; — * 

i 

X=ir/" 

The exponent n and the co-efficient K are found to be as follows : — « 

«=0-50 

25 . 


(27) 


K = 


10 *' 


(28) 

(29) 


A special form of the equation (27) in which 
coiresponding strain is : — 


F is some particular stress and Xr its 


(27a) 


\r=KI^ 

The dotted curve, Fig, 6, running alongside and through the stress- strain curve 
Oc'c represents that curve according to the calculated results of equation (27). 

It will be observed that those two curves do not differ* from each other to any 
great extent between /=say 75 lbs. and /=say 275 lbs. per sq. in. Below 75 lbs. per 
sq. in. the dotted curve is known to be erroneous, but the effect on the calculations will 
be quite insignificant ; above 275 lbs. per sq. in. the dotted curve begins to increase 'in 
error perceptibly, but as subsequent calculations show that the probable maximum 
stress involved will not exceed 260 lbs. per sq. in., such error may be regarded herein 
as harmless. 


(To be continued.) 
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By CARL M. BOYNTON 


The following is taken from a Paper read before ihe American Soclely of Engineering 
Contractors* We would also refer our readers to an article on Concrete Roads which 
appeared In our Mardh and May numbers^^ED* 


The development of concrete as a pavin^^ material is unique. Where most permanent 
pavements have ultimately 'been declared a success only after years of expensive 
experience and many failures, concrete has given satisfaction practically from the start. 
This is no doubt due, in great part, to the knowledge in handling concrete which con- 
tractors have gained in othcT lines of comstruction, and thus have been able to avoid 
conditions which might result in failure. However, the success of concrete is largely 
due to its possessing every essential of an ideal pavement. 

ITie principal features of the ideal pavement have been very ably summarisc*d by 
Mr. Linn White, engineer. South Park Commissioner of Chicago, as follows : “ A 
pavement ^should be inexpensive and flexible in cost, simple of construction, without 
endangering its i>ermanency. It must be dustless, noiseless, resilient, smooth, non- 
slippery, cleiin and of agrwable colour to the eye.’’ That concrete pavements practically 
fulfil all of these requirements has bc'en fully demonstrated wherever they have been 
intelligently laid. 

In discussing the subje<'t of concrete pavements, it is proposed to adhere strictly to 
the subject of plain and reinforced concrete, without discussing any of the many 
patented materials used for the surfacing of the concrete. • 

• The two methods of concrete pavement convStruction which have been used to such 
an extent throughout the country as to be accepted practically as standards, are single- 
course and two-course work. The relative cost of materials that can be obtained will 
be the determining factor as to the type of pavement to use. If hard, durable crushed 
rock or a clean, hard gravel cannot be obtained at reasonable cost, then one-course work 
should not be undertaken. 

The wear to which a concrete pavement is subjected is due to abrasion and impact; 
therefore, in. planning and building a concrete pavement every effort should be directed 
toward obtaining the highest degree of re^stance to such action. It is apparent that 
to obtain high abrasive resistance in a pavement, an aggregate having high resistance 
must be used. The same will apply to impact. Therefore, it is essential that concrete 
for a pavement must be composed of a hard, tough aggregate. But it is just as essential 
that the co;ncrete itself be uniformly hard and tough, and with the proper materials this 
can be obtained only by the employment of methods which insure proper proportions 
— thorough mixing, correct consistency, and uniform distribution and compacting of the 
concrete over the area being paved. These may be considered excessive precautions, 
but results indicate the advisability of using precise methods. 

POVNDAMOH, * 

A foun<dation for concrete pavement is essential and should be of auch a nature Md 
so prepared that sub-drainage is assured. Ail soft and spongy material i|i the aub^base 

419* 
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should be removed, and replgiced with bank-run gravel, sand, or other material equally 
as good, and the whole foundation thoroughly compacted with a power roller. 

A flat sub-base is more easily obtained than one that is crowned, and, on narrow 
streets up to 20 ft. in. width, a better distribution of the concrete results by placing thp 
crown entirely in the pavement proper. A careful checking of the efevations of the 
foundation is important in order to insure the proper thickness in the finished concrete. 



Fig. 1. Pumping Equipment for use on concrete road. 
Concrete Pavements. 



view of (he op^ratititni epncrete road construction gang. 
‘ 4 y \ PondtETit PAVmiKMTfl. 




ttw $ ini* thick at the outer edge or curb, nor for 
S in; 'at the crown. ' In pavements of 
Jthe hiay be obtained by forming both lounda- 










CONCRETE PAVEMENTS. 


• O.WB^COURSB WORK. 

The one object to be desired in all construction work, lind particularly in the use of 
concrfete, is simplicity. One-course work, that is, the construction of a pavement where 
the mixture is similar throughout and the Work is done in one continuous operation, is 
therefore desiijfible. The points to be considered in a study of this type of pavement 
are : Materials, Proportions, Methods of Mixing and Placing, Thickness of Pavement, 
Expansion Joints, Finishing and Curing. 

Materials—Aggnegatc. — The coarse aggregate of one-course work should be well 
graded gravel or crushed rock, ranging in size from J in. to i4 in. in largest dimension. 

The fine aggregate should be clean, coarse sand, well graded from fine^to coarse, 
all of which should pass through a No. 4 sieve, and not over 5 per cent, pass through a 
lOO-mesh standard sieve. 

The cement should be standard Portland cement, complying with standard 
specifications. 

Proportions, — The leanest concrete which should ever be used in a one-oourse pave- 
ment is a 1:2:4 mixture. Such proportions will usually give a satisfactory finish and 
are suitable for streets and roads of moderate traffic. For all other traffic conditions 
richer mixtures should be us'(m 1 . In some cases concrete composed of one part cement, 
one and onet-half parts sand, and three parts coarse aggregate has been employed with 
splendid success, and with similar material and under like conditkms 1:2:3 mixtures 
seem to give equally as good results. 

Mixing and Placing, — As the pavement is dependent for its success upon uniformity, 
the mixing should be done mechanically in a type of mixer which insures the uniform 
proportioning of all materials throughout the mass. ITie concrete should be of a con- 
sistency requiring but little tamping to flush the surface with water. 

The usual method followed in placing concrete is that of placing the concrete directly 
o-n the street from the mixer, and not handling it the second time by wheelbarrows. 
This is sometimes accomplished by the use of a boom and bucket attached to the lyiixer, 
the bucket usually being of the bottom-dump or tilting type, the boom swinging in an 
arc of 180 degrees. Another method is by the use of a spout or flume from the mouth 
of the mixer, discharging the exmerete directly upon the road, this spout being so 
attached that it may be swung easily in an arc of 180° andjthe mix discharged*while the 
spout is in motion. 

Phickness, — The thickness of the pavement is a very important and one 

which experience alone can answer. Developments to date seem to ttMiJrale that at the 
crown of the rotid nothing less than 7 in. should be used. In country highways the 
minimum thickness of the edge should be 6 in., while in some city pavements where 
the edges are protected by curbs a minimum of 5 in. is allowable. 

Expansion Joints.— It is admitted that expansion and contraction must be taken 
care of in concrete pavements, but the amount of movement which should be provided 
for and the distances at which joints should be placed, are points not definitely settled. 
Joints lengthwise through the pavement are objectionable, tberefwe, in most cases the 
concrete is placed in a continuous sheet or slab from edge to edg«! with joints across the 
pavement, varying from 15 to 30 ft., according to id^ of engineer writing the 
specifications. Pavements laid with three-eighths joints every if ft, have proven very 
satisfactory and this arrangement of joints is being accepted as good practice. 

Since the edges of the joints are apt to be chipped, it has been found advisable to 
protect them with plates or angles. These plates are clamped together face to face W^itb 
a strip- of J-in. tarred felt between, and are set up and cmqr^ted into ppsitioiu < The 
effective joint, so far as the expansion is concerned, is reduc^ to whatever the felt caij 
be compressed. • * ; ' ' , ^ ^ . 

In case of street work where curbing is Used, longitudinal Joints should provided 

’ , ■ 
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between the pavement and the curb. These do not require the protection of metal 
plates ; for such longitudinaf joints a plastic filler is preferable to a tarred-felt filler. 
All joints not protected by metal should be rounded to a radius of i in. 

Finishing . — It is generally accepted that the best method of finishing a concrete 
pavement is to wood-float the surface after it is struck off with a template. Sometimes 



Fig. 3. Showing the discharging of the concrete upon the sub-base. 
CoNCRETB Pavements. 



Fig. 4. Steel Protection Plate for Expansion Joints. 
Concrete PavEMENTSf 


tlw a- stiff fibre broom; but this is not necessary and is 

rugate ftli^grad^s of 5 per centi or moro. 
itbb ^phgisis 6n the importance of thorough 
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I^riod of not less than five days, so that the moisture in the concrete, necessary to its 
proper hardening, will not be lost. The pavement should be protected for at least 
another period of five days before traffic is^allowed upon it. 

• ^ TWO'COURSB WORK. 

In some .localities, due to available materials, two^ourse work is better and cheaper 
than single course. Such^a condition exists where the coarse aggregate is not tough 
enough to resist traffic, and granite screenings, or a clean sharp sand, can be obtained 
for the lop course. Two-course work requires more careful handling and more ex- 
perienced labour in its construction than one-ccurse. The difficulty in bending •fresh 
concrete to partially hardened concrete is well known, and it is this featui^ that must 
be wajshed carefully in two-course work. 

'rhe bottom course should consist of at least 54 in. of well-made concrete. The 
^^^gTCgate should conform in general to that describt'd for one-course work, but may 
consist of material of Iftwer abrasive value. 

The top course, 14 in. in thickness, should be composed of a i ; i 4 part cement and 
fine aggregate in which the aggregate is either granite chips graded from fine to 4 in. 
In size, or coarse sand well graded from fine to coarse, the largest particle of which 
will pass a 4 in. screen. 

Mixing and Placing , — The main difficulty encountered with twcKcourse work is in 
placing the wearing course upon the base in such a manner as to ensure a i>erfet't bond. 
A simple method of ensuring succ<‘ssful work is in the use of two mixers— -the secondary 
mixer being used for the lop course. In this way the placing of the top is carried along 
simultaneously with the placing of the base. 

ii' 

^ RBINPORCBD PAVBMBNT. 

Ihe determination of the use of reinforcement in concrete pavement will depend 
upon the type of foundation and width of pavement. Reinforcement mav be u»cd in 
either single or two-course work and is partimlarly designed to care for slight settle- 
ments of filled-in foundations and to guard against construction cracks developing where 
the pavement is wide. In any raad where a new fill of over 2 ft. is made, and the 
material used is other than sand or gravel, the pavement ^bAld be reinforced no matter 
what the width of the road. • 

• ,One condition often arises in towns or cities in the laying of a sewer down the 
middle or side of a street just prior to placing a pavement. Wher^lwittb excavation is 
necessary, and the pavement is laid upon the fresh fill, sufficient refeforcement should 
be placed near the base of the pavement to give additional strength at such a [Kunt. 

The type of reinforcement which is most economical in price and handling is the 
wire fabric. The weight of fabric to l>e used in this reinforcement is still an open 
question and must be determined to suit each specific case. Light, inexpensive rein- 
forcing has been advocated in tWo-course work; the reinforcement to be placed upon, 
and pressed into, the still plastic base. Being slightly undulating, it insures that no 
line of cleavage can possibly develop between the two courses, and in addition it imparts 
greater strength and security to the pavement. For single course work the reinforcing 
is placed about 2 in. from the surface. 

COUNTRY HiQHWA YS. 

The advent of the motor-driven vehicle has made obsolete our “ good, reads of, a 
few years ago ; no type of gravel or macadam road can stand such traffic^ > T{ie cost of 
the better types of payement has discouraged their use, Iwt coucrete^ by. providtnjg ^ 
permanent and economical material, has solved the problem of paving country 
. An important point in favour of permanent pavement k the country is that tfk 
farmer has the road to use in the season when he most fiiee^s it* 

' ' 4 ^'# : ' ’ 
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Gravel Shotdders, -^The gravel used in the construction oi shoulders should be » 
first-class road gravel containii^ sufficient clay or earth to cause thorough packing, that 
it may offer a substantial resistance to traffic. As the gravel shoulders are used only 
for the purpose of turning out, the wear will not be excessive, and the cost of main- 
tenance will consequently be low. 

BSTtMATBS OP COST. o 

Analysis of cost must include material, mixing and placing, expansion joints, water 
supply, equipment and bonds. 

Materiais . — An analysis of the material costs of one-course and two-course work 
will show that the difference is so very slight as to be doubtful of estimation. However 
close an. approximation an estimate may be, it cannot be exact, and, therefore,*it will 
readily be seen in the following formulas that the main consideration in choice of tv]>e 



Fig. 5. Showing Road in course of construction. 
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of pavement must necessarily be dependent upon the materials available ; and the tvpc 
chosen will be that to which they are best adapted. This formula is based on Thompson 
‘Taylor’s Table of Proportion. 

Considering : C equal cost of cement per barrel, 

G equal cost of gravel per cu. yd., 

5 equal ^cost of sand per cu. yd. 

Tl^, for one-course work of i : 2 ; 3 mix, 7 in. thick, the material cost per sq. yd. 
Ojf is "32SC pliis *09755 plus *1466^; while for two-course work, 7 in. thick, 

cpmpOfSj^ of 1 i; ai : 5 )iase> md a i : li top mortar, the material cost per sq. yd. of 

the cost by small compensating 
jgiv^ toe to illustrate this point. * 
ilii and an average gang the actual cost of 

p# sq. yd. for 7 in. of concrete^ To 
yd.ior finishing and labour necessary 
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fbr handling the forms, making a total for one-coursc work of ten cents for mixing 
and placing. 

Expansion Joints . — Placing expansion joints is such a simple operation that one 
cent, per sq. yd. should cover the cost. To this must be added the cost of metal joint 
and tarred fglt delivered on the job, or the cost of filling the joint with a plastic filler. 

Water Supply . — On city streets the water supply is not a problem ; but on country 
highways, where it is necessary either to haul or to pipe water a considerable distance, 
it is advisable to^nake a careful survey of the situation. In estimating the cost of 
water the amount required for keeping the pavement damp for a period of fiv-^ days 
must not be neglected, and as this is an indefinite quantity dependent upon weather 
conditions, only an approximate cost can be suggested. 

Tlie cost of hauling water for use in constructing country highways of concrete is 
W often an item worthy of careful consideration. The method of supplying water by 
piping is considered b]^ the majority of contractors as most <K*onomical. Where water 
is available under sufficient pressure the pipe line can be attached directly to the city 
main, thus eliminating engim* and pump, but where water is taken from a well, creek 
,or river in vicinity of work, an engine and pump will be required. The cost of gasoline 
engines varies with rated horsepower, and the cost of pumps would vary according to 
the capacity pressure rc'quired and the conditions under which work would be performed. 

Where the construction is small, the installation of efficient pumping equipment 
may not be justified, in which case hauling in tank wagons can be resorted to. One- 
team hauling tanks having upwards of 350 gallons capacity will supply a mixer of 
cu. yd. with sufficient water for a day’s run, provided the haul is one and a half 
miles or less. 

, EXAMPLES. 

In discussing the cost of concrete pavements, a few examples of actual construction 
will help to make clear the division of expensic. The first pavement I shall mention 
was laid reoemtly in a ismall town in the central part of Illinois, totalling 5,000 sq. yds. 
The total cost of the work was $3,964.02, excluding cost of equipment, which consisted 
of a i-yd. Koehring mixer of the latest type and a four and a half horsepower gasoline 
engine, and also excluding the cost of the water for mixiniilmd sprinkling. The pave- 
ment w'as 45 ft. wide and uniformly 6 in. thick. The the work was divided as 

follows: Superintendence, $140; 1,457 barrels of cement, $1,547.15; sand, stone, and 
gravel, $1,284.97; labour, $560.07; lumber and forms, $35; bituill^ and creosoted 
blocks for joints, $48.67; coal and oil for mixer and engine, $30.75 ; excavation, $307.41. 
A summation of these figures gives the cost of this road as $4.76 per cu. yd., or $.79 
per sq. yd. 

During the summer, Milwaukee County, Wisconsin, constructed several concrete 
highways to the south and south-west of Milwaukee. Data on a two-days’ run from^ 
one of these jobs were collected. Twenty-four men and J-yd. Smith mixer of the 
dumping type were able to place 94^1 cu. yds. or 470 sq. yds. of 9-ft. road 7 in. thick 
for a total of $364.41, exclusive of cost of grading and interest and depreciation on 
equipment. The materials were furnished free to the contractor on the siding nearest 
the work and hauled to the job at his expense. 

In figuring the cost of the road, the cost of materials to the county was included 
with the cost of mixing and placing carried by the contractor, and are itenlised as 
follows; 111*5 barrels of cement, $115.96; 93 yds. of bank*run gravel, $94.86; water 
l^iped from the city, $19.27; Baker protection pTaltes for 'expansion joints, $29.07; coeI 
and oil for engine, $4, and labour, $101.25, making the cost per cu- yd. $3*98 and 
per sq. yd. s * * 

In the west central part of Michigan 2,586' ft. of iconcrete 9 ft. 2 iit* wide Wd *55 
of a ff . thick were constructed by a township as an A gang of irteh , 
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, ' * 1.4 f. 

using a 7 cu, ft side delivery Koehring mixer did the v^ork for a total cost of $3,392.6^;, 
divided approximately as follows : 746 barrels of cement, $870 ; 655*9 yds. of sand and 
gravel, $553.28; Baker protection plates and hller, $170.12, and labour, $1,690.50. 
These figures give a cost of $7.28 per cu. yd. or $1.31 per sq. yd. Had the cost of 
grading, excavation and culverts been added to the above, the cost of pav j?ment would 
have been increased to $8.73 per cu. yd. or $1.46 per sq. yd. 

CONCLUSION. 

In conclusion, a few words further explaining one or two of the illustrations may 
not bfe amiss. Fig, 1 shows the pumping equipment used for concrete road construction, 
with the gas engine ready to be belted ito the pump. 

In Fig, 2 the finishing bridge is shown in the foreground, and in the bacl^round 
the strike boards and mixing equipment can be seen. 

Fig, 3 illustrates how, after the concrete has been mixed, it is dumped into a bucket, 
and carried on a long boom, which swings over a length of ab6ut 18 ft. The view in 
this illustration shows the concrete in the position required, and in the act of being 
discharged from the bucket upon the sub-base. 

The steel protection-plate shown in Fig, 4 is laid up with two thicknesses of J-in. 
tar paper between. After being placed in the pavement the clamps are removed, and 
when the concrete has hardened the anchors serve to hold the plate in place, tho tar 
paper making provision for subsequent expansion. 
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It is oaf intention to publish the Papers and Discussions preseniea before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily a'vailable for reference purposes* 

The method tue are adopting, of dividing the subjects into sections, is, toe believe, a 
nev> departure*— eD, 
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THE STRENGTH OF CEMENT. 

RESULTS OF TESTS ON FIFTEEN DIFFERENT BRANDS 
USED IN PASTE. MORTAR. AND CONCRETE. 

By H. C. JOHNSON, Demonstrator in Engineering, University College, Cork. 

The following is an abstract of a Paper read at the Thirty-fourth Ordinary General 
Meeting of the Concrete Institute, 

To many peoiik it is, undoubtedly, a fact that any bag marked “ Portland Cement ” is 
just as good value as any other bag so marked, and also that — 

(a) The cheapest cement is the most economical to use. 

(b) Testing a cement with a “ name is unnecessary. 

(c) The value of fine grinding is not considered, even if its advantages are known. 

(d) The paste tensile seven days* test is quite vSufficient guide to a cement’s value as 

a “ binding ” material. 

That these conclusions are erroneous, the author will not* be the firi^t to poiitt out. 

The results of these tests are put forward with the object of calling further attention 
*to4iie importance of testing all materials entering into conslruction^al^orks, in which 
they will be allied upon to do their duty, with a predetermined safety. This 

factor, if due attention be paid to excellence of materials in eveipy Articular, may 
reasonably be reduced from the customary four or six to three or four and a half. 

The term “ paste ” here used means neat cement and water. The term “ mortar ” 
means one part cement to three parts standard sand, and water. 

All the specimens were tested by the author in the Engineering Laboratories of 
University College, Cork. • 

GENERAL TESTS. 

The author reported on some general tests made: by hini with some fifteeirt specimens 
of cement, and be gave full tabulated details of these tosts. In making them, the author 
stated he had used rather higher percentages of v^i^ter than the British Standard Speci- 
fication requires. The cement tests comprised tests for fineness, apparent density* and 
specific gravity. Some tests for setting times were made, but were not included, but 
miost of the samples might be termed “ slow setting.” The cement paste was submitted 
to tension and compression tests.' , Some tests with cement mortar demonstrated clearly 
the value of fine grinding, and the superiority of the x^tar test over the paj te As 

a guide to the binding value. ^ 

PERCEMTAOE-or.WATER • 

Three of the cements used in the genefal tests w6re h«re/empJoyed--i^ 
cement which had proved the finest and strongest (No. 7)^ the coarsest (Na ’fij, and tbe 
weakest (No. 5). 
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The fo}towlng points are worthy of attention in connection with these tes^js^: — t 
I. A ikcrease in strengthen tension at ninety days as compared. with twenty-eight 
days does not necessarily indicate a decrease in compression. 

. 2. At ninety days the* dif- 
ference in strength between 
the specimens \^th the high i> 
and those with the low percent- 
ages of water is very small — 
in ?he case of the air-cured 
specimens it seems an advan- 
tage to have a higher percent- 
age of water. 

3. A low percentage of 
water would allow an inferior 
cement ,to pass the British 
Standard Specifications, ♦ ' 
wherei^s even 26 per cent, in a 
good cement would not pre- 
vent its passing. 

4. The higher percentages 
of water have a greater effect 
on the tensile strength than on 
the compressive. 

5. In the paste specimens 
at ninety days the 23 per cent, 
of water giy^s 42 per cent, of 
the high results, showing that 
all cements do not give their 
greatest strength with the 
minimum amount ofi water it 
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is possible to use. 

6. While the low percentages of water give a higher strength at the earlier ages, 
in the majority of cases there is very little falling off at ninety days, due to the increase 
of water. In fact, one might reasonably expect that w’ith a good cement the higher 
percentages would eventually 

produce a stronger material. — ■ ■ - 

On comparing the ce- C0/vc/?frf 

ments, No? 6 (the coarse onttV 

is heavier on the whole per sa^-soa^/ 50%-90l>^ ^»cm»ns 

Specimen in paste than either t ■] ' 1 ] — S— 

Nos. 5 or 7, besides absorbing u 

less water thani^o. 7. This is \— 

because it is more dense on r 

account of the variety in the' * 

size of the particles. j 

In the mortar the posi- — : 

• tions of Nos. 6 and 7 are re- -g / 

versed, No. 7 being the heavier 3 JI m 

because the finer particles | ^3 ^ ^ 

allow the sand grains * to lie [ f k L 

clo$er, whereas the coarse 1 Jl 7 / // ^ 

materia! in No. 6v«|>reads L-ll i-X LL 7^ — 

.ihetu, and while it piroduces a f 1/ U 7/ 

; .WbiUftt it [i^iL^JL^L - a. M 1- 

FT. ■ FTP' 




ol tosting with hij^er percentages of water 
wee^g poor.'t:^^ 
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• THJt air-cured as well as water-cured test ’specimens might, with advantage, bo 
made when endeavouring to find the [perfect cement seenis to be indicated bv these tests. 

The tests also show the importance of keeping oemeffit or concrete moist during the 
early stages of curing. ^ > 

^ CONCRETE TESTS. 

For the .purpose of these tests the author used 6-in. concrete cubes, and here again 
cements No. 5 and 7 were employed, and as the supply of the coarsesu(No. 6) had run 
out, two intermediate cerSents from those used in the general tests were used with the 
idea of obtaining Tour different strengths. 

The cmrse aggregate was crush^, hard limestone passing the J-in. and rttaiged in 
•the i-in. sieves, and had 40 per cent, of voids, found by pouring water in*o a J-cu.-ft. 
bucket full of stone (the voids found later by specific gravity method equalled 42 per 
cent.).# The fine aggregate was a fair quality sand which passed the J-in. sieve, but ran 
to quite fine, and had actually 38^ per cent, voids (found by pouring sand into the 
^-cu.-ft. pail and noting the water displaced), but vyas considered, in proportioning, as 
having the same as th^ stone. 

All aggregate was washed al>ouit six hours before used and drained during that 
period. 

These test specimens w<>ro not treated with special care in tamping or curing, the 
•temperature of the room varying between 55° and 65° F., that of the floor on which they 
were laid, being of stone, might hxive dropi>ed to 50° F. on occasions. The strengths are 
not high, mostly accounted for by the use of the poor sand and hard limestone ; however, 
this does not in. the least affect the value of the tests as showing the varying strengths 
of different cements, since the mixtures were the same in each case. 

Referring -to the concrete diagranns, in which readings of the deformation were taken 
in most cases up to the ultimate load, another and a more important point is brought 
out, speaking now from a reinforced concrete point of view, and this is the splendid, 
long-continued, initial modulus of elasticity that a good cement will give, indicating 
how high a factor of safety is obtained when the working stress is limited to 600 lb. per 
sq. in. 

CONCLUSIONS. 

From the detailed results of his experiments the author drew the following con- 
clusions : — 

1. That a good strength in paste is no proper indication of a good strength in 
concrete. 

2. ITiat the best tests of a cement’s value for reinftwred concrete or sfinilar work 


(a) Mortar compression cured in water, 

(b) M'ortar compression cured in air, 

and, in addition to having to show a certain strength, any cement having a higher value 
ii) air than in water to be condemned. 

3. That not less than 22 per cent, of water be allowed in gauging paste, and not less 
than 3 per cent, plus i the percentage as used in the paste, in gauging mortar. 

4. That the standard of values for cement to be used in reinforced concrete work 

be raised by 25 per cent. — ^not that a cement only just passing the British Standard* 
Specification is to be condemned for average work, but in order that first-class cements 
only shall enter into reinforced concrete structures; engineers may then reasonably 
expect to be able, in the near future, to use 1,000 lb. per sq. in, on cooprete instead of 
600 lb. . 

5. That for a given expenditure on cement a first-class iHiie will allow a saying, 
since there will be — 

(a) Less cement to pay carriage on, 

(&) Less cemept to handle, 

(c) Less saclcs to clean, tie up, and return, 

(<#) With at least as strong a concrete, , ^ 

6 That a given strength of cjoncretc should he specif, <4 a ^ven 

which does not take into account the proper proportionUi!^ 
cement of first quality is used. ^ ^ 

7. That cement should be sold by volu^ mstead of lyetg^^ and in bags 
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ing I ft., to allow of quicker and easier handling. These bags’ should b^ftiade Of 
paper for prrferenoe, this l^ing the common practice in the United States. Among the 
advantages the author noted that paper hags have over canvas ones are— 

(a) No time is lost in shaking out the cement, 

(h) No cement is retained by the sacks, 

(c) There is no return freight on empties, « » 

(d) The packages are better looked after in storage, and 

(e) Cement is kept in better condition. ^ 

DISCUSSION. 

Mr, D, a. Butl§r, AMMoc.M.IaMi,C,B„ P.C,S. (Member of Council C.I.), said he did not 
agree with author’s opinion that testing cement with names is unnecessary. He also wa^ 
not in accord with the author on the subject of the 7 days’ neat tensile test for determining 
the value of cement for certain purposes. Also the author i>ersisted in using the word paste. 
Paste seemed scarcely the true definition for neat cement tests. In the paper it is said that the 
neat tensile test is insufficient. Of course, by itself it is not sufficienf. In testing cement he 
always asked himself, is it constant in volume? is it at all likely to expand after, say, a 
month or three or four months and cause trouble? These are the fiRrst points to consider, no 
matter what other quality cement may have. 

The main thing contended throughout the paper is the percentage of water used for testing, 
lor making up the paste, and the author admitted that all his paste tests were made with ? 
much wetter consistency than that advocated by the British Standard Specification, and the 
amount of water used was such as to make the cement equally plastic on the slab. He (the 
speaker) had always advocated that in testing cement in a laboratory test the idea is — unless 
there is some standard to go upon — to fmd out what that cement is capable of urfder the best 
conditions ; and, therefore, the idea of testing cement is to obtain the best results compatible 
with certain conditions which custom has laid down as a fair test. He did not agree in using 
the very driest possible mixture and putting it under pressure to get a solid briquette; that 
was going too far, but he fully agreed with the British Standard recommendation that the 
briquette should be made so that the consistency .should be such that when the paste or the 
mixture is put into the mould it becomes plastic ; when it is rammed into the mould It becomes 
plastic. 

In Germany it is the custom to make the briquettes extremely dry and to hammer them in 
with a mechanical hammer, thereby giving a much higher strength than would be done 
by what the French call making a liquid mass and pouring it in. The author apparently 
attributes considerable value to the specific gravity of cement; his own opinion on that point 
was that, given a proper artificial Portland cement free from adulteration, specific gravity is 
not worth much. The specific gravity, as a rule, is intended to show, apart from adulteration 
which can *t>e detected by other methods, originally the amount of calcination to which the 
cement had been subjected in the course of manufacture, but he had personally made a ccfl?- 
siderable amount of research on that point, and his experiments had conclusively shown-' that 
the. specific gravity of unburnt clinker and of well-burnt clinker was identical at the moment 
at which that clinker emerged from the kiln, so that the difference in specific gravity is 
almost ■entirely due to water and carbonic acid absorbed by that clinker or by that cement 
after burning and grinding, and moreover that the specific gravity of the yellow unburnt 
clinker, as it came from the kiln, would pass the British Standard Specification for good • 
cement.. 

Mr, H, J, ' Mmrding, M,C,i,, raised some questions in connection with the compression tests. 


He understood that the sand was taken on the void and the quantity of cement was arrived. at 
in acdor 4 anoe with the void. He wished to know whether the sand was taken in its very dry 
kate, for this would make a considerable difference. He had found from experience that an 
average sand — say, Thaknes sand or sand of a similar nature — that taking a measure of, for 


exajn^le^ cnbic foot, or any measure, it could only be filled by about 5 per cent, more than 
,tlie sand vrere perfectly dry ^ He wished to show the sand between these two points. Assuming 
a like a horseshoe, on* one side is put'the consolidated mass in water, and on the other 

sidie t j^rfeOtly. pOililsqlidat^d by its own dryness, say* like an hour glass. When 

arrive at a.point between those two. 

about three parts from 
pQini oi cooaolidated dry. ' That -is a 
the vpida, inorea^ and idore. oemeni 
a greater ''amount of oenMl in 
d'^dW'.iqi.ooocre^ with 
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. « Mr, H, §C. Oyaoa {Secretary) said he would like to oorroborato the statement Mr. Hardi&c, 
that the voids in sand do depend a great deal upon the peroenlage of moisture that there U in 
the s»d. There is generally a gradual increase in the percentage of voids in sand', with the 
addition of percentage increase up to 5 per oenb increase on the dry sand, and after the 5 per 
^nt. increase is attained, as a rule, the sand continues at about the same volume until about 
10 or 12 per ciiit. is reached, when the sand begins to get thoroughly saturated, and it then 
begins to drop back again, but with a very slight increase in the percentage of water. The dry' 
sand and thoroughly wetted s^nd are approximately of the same bulk, but the^ increase by the' 
addition up to 5 per-cent, of water is generally about 5 up to 25 per cent, increase in bulk, 
dependent, as a rule, on the cleanliness of the sand. This refers to the amount of loam or 
other similar matters that are in the sand. With standard sand it is about 15 per Mt. 
idhrease — xo to 15 per cent, increase — for 5 per cent, addition of water. The majof^ty of sand 
when bought, even when dry, contains 1 or 2 per cent, of moisture. That is permanently in it, 
and can jgnly be dried olf by heat. But the sand that is purchased in practice has about 3 w 
^ 4 per bent, of moisture so that the bulk is about 10 per cent, greater than when it is 
^thoroughly wetted. In the making of concrete when it is tamped in positi^, the tamping in 
position also makes a difference. If 5 per cent, of wateT‘i>e added and it U then tamped the 
bulk can be reduced by continued tamping; in fact, the question of tamping makes a consider- 
able difference in the proportion of concrete, because the ordinary coarse material, if tamped 
sufficiently, makes a dense concrete without the addition of any sand whatever; it depends 
sblely upon the amount of labour, and in proportioning concretes, adding sand and determining 
voids and so no, one needs to take into account the amount of labour that is going to be put 
in in prac|ffe|^ The r eason for using a fair amount of water and an amount of sand in 
concrete is in labour. 

Tb» Ctmirmma: Mr. Butler raised some very important points with regard to the in* 
?.dequacy of the specific gravity as a test of quality. Another important point was raised by 
the author himself in which he recommended that cement should be purchased by volume. 
It appeared to him that the weight is a thing which one cannot very easily alter, and as far 
as ordinary chemical processes go weight is that one thing which we do not alter. Everything 
else is changeable. And it appears also that the volume of cement is almost governed by^the 
distance travelled. He felt that selling by weight is the only way that can give general 
satisfaction, and it is also probably the only way in which uniformity of results can be 
guaranteed, because doubtless the great diversity experienced has often been due to the 
differences in what was supposed to be a cubic foot of cement. 

Mr, Noei Rldhjn Cement should be bought by weight. There was no other way. Ho 
agreed with Mr. Butler that it is an advantage to have the cement tested wherever possible, 
but there is one advantage in accepting a name, and that is that one is more likely to get 
what one expects than from a cement without a name. In practic^ it is sometimes necessary to 
use cements before they can. be tested. In fact, there is nc^'opportunity in naaif^ cases of 
nlttiipg a test, and therefore a name is a very important thing. ... . . 

It was announced that the author would reply to the various points raised -in the discussum 
tn the Transactions of the Institute. 


PROPS AND BEAMS IN MINES. 

By S. M. DIXON, M.A.. M.Sc.. M.Iiut.C.E.. M.C.I, Pro(M«or cl Ovd EaiiMeriB, 
at Birmingham Univeriity. 

The following is an extract from a paper read at the Thirty-fifth Ordinary General 
Meeting of the Concrete Institute, Mr, E, P, Wells, /.P., President, iH the ChtUr, A 
short summary of the discussion is also given. 

Reinforced concrete is very little used uiwiergroun4t and doubtless there are eoowoinic 
reasons for thisi but the use is growing, and doubtless within a few years 
ment of reinforced concrete in mines will become more 
wdr^s, such as bunkers and hoppers, and in a few mines injgieat^^ 
iiicrease, some of the principalis being BagmidgOrti^ 0ikfey I $] 
dn-Tr^t; and Tunnel Pit, Ha^obford^^ - 

tiein cctncrete Is m used In nimos to tpd 

' to''i56ni^kioe' 


4n i« <« tifiB 
,.ne«KSt!Oilae^;. 








aiew material like- remforoed concrete may be an economic and us^al 

< 3 tf oourae, it is only in main roads and permanent work in mines that it is amici- 
pated tHwe will be any extensive use of reinfOroed concrete work. The method of using 
timber in tnese places is well known. The roof is siD{^x>rted on head trees, the ends of ^ 
which aine carried on props, which, sloping outwards at their feet, are also to carry, 
when necessary, the sides of the heading. While therefore, within limits,’ the top and 
ddes of t^ h^klin^ are suppc^ted, under considerable presscare the floor miist be con- ^ 
tinuaUy rising, and thus r^uires continual attention, while gradual settlement of the” 
whole heading takes place. 

The strength of the timbers used in mining is fully discussed in a paper by Professof^ 
Louis, and^e states that the strength of larch props is 3,360 lb. per sqyare inch, and 
Scotch fir is 2,688 lb. per sq. in., when the timW in each case is thoroughly seasoned, 
dry, and also fully grown, while the strength of wet timber was from 40 to 50 per cent, 
less. 

It is evident that frequently in mines the props and beams will be wet, and there- 
fore, according to these figures, the existing strength of a latch bar should not be 
assumed to be more than 1,780 lb. per sq. in., which will certainly be less than a well- 
made reinforced concrete post four months <(^d. Besides, in a mine dry rot quickly 
attacks timber unless constantly wet. 

The cost of timber for mine-work is continually increasing, the price, of foreign 
timber having risen as much as 45 per cent, during the last five years. 

In arranging a preliminary set of experiments on the strength of beam^ and posts 
of reinforced concrete for mine work, it was decided to compare the results obtained 
from specimens of three different cross-sections for the posts, viz., square 8 in. by 8 in., 
round 8 in. diameter, and triangular 8 in. side, and also to vary the rein- 
forcement both in percentage and in method of arranging it. The cross- 
sections of the beams were (a) 8 in. by 12 in., (&) triangular 8 jn. side. 

[f the beams are to be made and stored before use and afterwards transported 
to the mines, it is evident that they must have some reinforcement hear the 
compression side for safety in transit, and it may be ultimately more economical to 
use some particular shape and similar reinforcement both for props and beams, the 
tack of economy in design being more than counterbalanced by economy in manu- 
Factute, and the advantage of having one form of structure only in the mine. In making 
the test specimens, wooden forms were used for the square and triangular sections and 
steel forms for the circular sections. The beams were filled horizontally and the 
columns v-ytically. 


Table I. 

Influence of Amount of Water in Strength of Concrete.^ 


Per cent, of Water. 

Age in Days. 

Average Compression Strength. 

Lbs. per sq. in. 

* 6 

38 

1,247 

6 

. 64 . 

1,543 

6 

Z 2 t 

1,350 

8 

37 

791 

. 8 

66 

M 53 

8 

132 

1,260 

’ ’ 10 

35 ‘ 

390 

10 

64 

750 

, ^ - ro . ' 

130 

1,010 



^ VilUers,, 

and was under da sipiilar 
t'i' a propaf^ioi^, ware. 

' ol*' thd; 
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prsictice. conprote was mixed wet ; that* is, with about 8 per cent, of WMai, 

ppwiments having been previously made on the effect of varying the amount of water 
in this concrete. The results ate given in Table I.' 

^ese results seem important, since ih most reinloroed work w^ mixtures are 
required, and till the ooncreitje is over two months old the consequent diminution in 
strength is vei'y serious. The cement was slow setting and uniform in quality. 

All the .tests on the beams and posts were carri^ out at the age of two months* 
About a hundred cubes of <^crete 6 in. by 6 in. by 6 in. made the same time as the 
beams were test.^*at two months, and gave an average compressive strength of 
i,6oo lb, sq. in. And anotlher series of these blocks were made in order to deter- 
mine the increase of* strength with age for this concrete. The results ofotiijned vfere 
very low when compared with the records given from tests on. concrete blocks made at 
V5rrnwy*^and also with the high-compression stresses given from American tests. 

Te»tsot Beams.— testing the 12-in. by 8-in. beams the supports were 7 ft. 6 in. 

Sapart; the load was applied at two points 3 ft. 6 in. ^ntre to centre in the method 
usually adop.ted. Table {I. shows the result of the preliminary tests. 


No. 


1 

2 

3 

4 


Table II. 

Tests of Reinforced Beams, 8 ft. x i ft. x 8 in. 


No. of ■ 
Speci- 
mens. 

, Reinforcement. 

Per cent. 

Breaking Load. 

Method of Failure. 

Kind. 

Equiv. uniformly 
distrib. load. 
Tons per lineal ft^ 

3 

3 

3 

« 

3 

2 Straight 
f 2 Straight 
( I Bent up 
f t Straight 

1 2 Bent up 
( I Straight 
^ I Straight 1 
( 4 Bent up ' 

in 

in. d». ... 1 

f in, » 

« 1 

m ) 

in. top ... 1 

in. bottom > 

in ) 

0*45 

0*67 

0*67 

1*34 

I’O 

13 

^ XT 

*'4 

Tensbn 

Diag. tension 

Plain and diag. tension 

Diag. tension 


Tests 0/ Posts.— In making the posts for these preliminary experiments, only 
one rod was used for reinforcement in each case, and the rods were only 7 ft. 8 in, 
long, thus leaving 2 in. of concrete at each end, so that the rod did not come in contact 
with the crushing plate of the machine. The only reason for reinforcing th<| posts is 


Table III. 

Compression Tests on Square and Round Posts, Concrete Plain and Reinforced, 8 ft. long. 
(Age of Concrete (i : 2 : 5) s months.) 


No. 

No. of Tests. 

Section. 

Reinforcement. 

Crushing Load. 
Lb. per sq. in. 

• I 

2 

2 

2 

8 in. X 8 in. 

8 in. X 8 in. 

(Plain) 

I, I in. X 1 in., 7 ft- 8 in. long 

t.a7o 

i,36(i 

3 

2 

8 in. X 8 in. 

I, I in. X X in., „ 

(Hain) 

1,300 

4 

2 

8 in. diam. 

1,234 

5 

2 

8 in. diam. 

1, 1 in. diam., 7 ft. 8 in, long * 

'i,oao 

6 

2 

8 in. diam. 

I, I in. diam., „ 

x,eM 


to make them portable, as it was considered that the crushing strength of concrete 
would be.’ample for it to work, provided that it could be developed. It was aiHici|^ted, 
that economic reasons would prevent the use of spireHy reinfqroed pofiprete edwiuns 
of such small dimensions* As was pcpected, the squane colunu^ ^e heller 
per eqluaie' inch thaJn the found 
, ‘ T^le in. shows the, results <^'te^s,on tlie first' 

. IJeSts’dii'sIxt^ 'posts triangular 
.^estate, w%hi however,, cannot , be, ^clly;.c^ *' 

'' ‘tbe'prdpi^ 5^ek:not' eJwptly the 





beams aiwi posts of concrete whose proportions- are even as poor 

if$‘ oement as t ® ^ u ^ 

tibe , author quoted numerous examples where reinforced concrete had beenaised 
111 mine work, and concluded by stating that it seemed evident that reinforced concrete 
will fUve an extended use in the future for main roads when the pressure are great, ^ 
Tt§ fhwfUhmtp before opening the discussion, read a letter from Mr. Fredenck Purton, in 
wbiofa he described some rcinforoed concrete work recently carried out at the Planmeller 
ColUerteSf Halt^histle, Northumberland. The work comprised the' liniing of two new shafts. 
Instead of the usual brick lining, segmental slabs of concrete reinforced with expanded 

steel were used. , , * . 

The lining of the shaft with such slabs was completed to a depth of ts fathoms some tiiqjp 
ago, and itnas since been used under ordinary working conditions. 

It has been found to be so economical in construction, and has proved so satisfactory in use, 
that further lining of a similar nature is now in progress. ^ 

discussion. 

Mr. B. PiMtUMr BidMilM, P.Ptya.Soc. (Member of Council said that he thought the 

future of reinforced concrete in mines was altogether uncertain, and nothing but time can tell 
whether it is really the fittest material. 

He went on to ask one or two questions regarding the reinforcement of the triangular 


beams and the 8-ft. pillars tested. • 

With regard to the pillars, he thought a striking feature of the result of ‘the tests was 
the way in which the fraotures occurred at the ends of tho pillars. This is the normal method 
of failure, and it is rather an indication that it is the right thing to do in all cases of pillars, 
to put the heaping or the laterals, or the binding, closer at the ends of all reinforced pillars, 
in fact, he suggested that a good rule to adopt would be to make the binding twice as close 
at the ends as it is ip the middle of the pillars. • 

With regard to a quotation from professor Louis, in which the Professor states that a 
prop has the same strength whatever length, under the ordinary conditions of practic^^ he 
thought it should be pointed out that the stat^ent may lead inexperienced designers to 
neglect the ratio of length to diameter. 

Mr. S. S. Robarta said his experience, had been more among gold mining abroad rather 
than coal mining. He had often thought that reinforced concrete could be used in under- 
ground work for setts. The difficulty that had been uppermost in his mind was that concrete 
lost its naluse in the tropics. But if props could be successfully manufactured and used soon 
after construction they would be valuable in gold mining and even in main roads, especially 
if the difficulty of upward pressure through soft ground could be overcome. 

Mr. % Cyrii Goetlaur, M.C.i.p after raising some points regarding a slide showing a 
loaded beam^ cracked in the centre, went on to say that he thought that in mine work all the 
materials should really be made alme ground, and the pieces should be made in such c^way 
that they are all interchangeable, that is, the beams should be reinforced in a similar way to the 
pillars, and some sample connection should be made so that the pieces can be easily removed 
and connected together as the work goes along, and as regards the position of the beams and 
posts, they should be made similar to the construction of an ordinary reinforced concrete 
pillar, where there are fouir rods, which would be the same as fodr sills, two along the bottom < 
and two along the top, and then lastly reinforcement would be pillars and cross-beams, and 
m between those beams, along the top, and pillars along the side, and the secondary beams or 
.riabs could be fitted in, and so save any centering, and work which would take some time 


before the centering conld be taken down and the tunnel used. 

, M. ta0 mentioned that be knew of a shaft being sunk abroad in a colliery, and lined 
.eritb concrete. It was not reinforced in any way, but it was about 6 in. thick in the minimum 
^ gkaft was about 700 ft, dhep, and it has been sunk now for about four or 

Vsfeirii; need in mines under all eoodkions. 

norice, and.teinfoFced 
' heiidoubidd^tery whether 

'ordihaty iwepe, if 

j|’ easy' tii' w^fc np*. That, 

be 

Item; #bte 'tet*. haa a Ji)fe of > atebt %$ ■ 
,in' the' tikkter .4 Sut' ';wiiimi 
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working in .a dry ground, and it U fairly good, and not so^, .Something might be done with 
ooncr^e, especially where it cap be constructed iii situ. 

With regard to the experiments which have been carried out by the author of this paper* 
he noticed especially the very weak mixture of oonorete that had been used for experimenting* 

* namely, i to ^ to 5 . He thought in a case of this kind, if richer mixtures had been employed* 
it would have paid, and that the results would have been very, very different from those 
obtained. 

• With regard to the tests*for columns, his opinion was, that with good riel concrete, Sad a 
column well-made, if it is allowed to harden on age, after twelve months’ time it will, in every 
instance, simply carry more than the one that is reinforced. But, of course, the concrete must 
be good. With a weak concrete, and reinforced, the reinforcement will carry ver^ much %iore, 
but with a rich concrete the plain concrete column will, there is no doubt, carry more load 
if the ^st is carried out satisfactorily, that is in a vertical position, not in the horizontal, 
where, in nearly every ^instance, a slight bending moment is put into the column. 

PROFESSOR DIXON'S REPLY. 



PnteMsor Dixon, in*replymg, said he was quite certain that reinforced concrete was only 
for use in mines in special cases, but it had l^n used. The use will go on, and only in 
main roads. As the President has said, in the ordinary case one is continually cutting off the 
«props in order to get them the right lengths. But main roads are made certain heights in mines, 
and in that case ft may be found useful. He had never heard of reinforced concrete in mines. 

The President criticised the weak mixture, but people are accustomed to putting in very 
weak mixtures sometimes. The first work he remember^ working on was the retaining walls 
at King’s Cross Station, just by the tunnel. In that case the concrete was specified by the 
Great Northern engineers, not with the proportion of sand, but as i to g. It was i part of 
cement to g parts of Thames ballast, and those walls outside No. 3 Tunnel are there still. 

Regarding the question alked by Mr. Etchells os to the remforcement of the triangular 
beam, the only reason for using a triangular beam i^ that of all shapes it is the easiest shape 
to make in practice. In making these forips only a tirough is required, and in all these cases 
ot %ri]^one has to think not only what would be absolutely the best to design, but IVihat 
woiilHNyi commercial forms as well, and he thought in many cases it might be possible to use 
cven*hl^ same shaped thing for a beam or for a post. 

Replying to Mr. Cocking’s remarks as to the berm cracking in the centre. There is, of 
urse, a uniform bending moment, owing to the weight that is applied, but owing to the 
light of that beam, there is a greater bending’*ta3!6!n,ent at the centre, and so there would be 
jT tendency for the beam to break there. Experiments carried out on continuous beams do not 
Blow an exact agreement between the practice and the theory. 
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NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 


Under diis heading reliable infomaiion will be presented of firm nooths tn course of «' 

construction or completed, and the examples selected nutll be from all parts of the^kuorld* 

It is not the intention to describe these v)orks in detail, but rather to indicate their eitstence 
and illustrate their primary features, at the most explaining the idea tohich served as a basis 
for thedesign*-^^. o 


REINFORCED CONCRETE FLOORS AND FLATS IN THE NEW POLICE 
f; STATION AT GOODWICK. » 

This building, which has just been erected, has a frontage of 46 ft. and a depth of 
60 ft., occupying practically the whole of the site, which was a very awkward < 5 ne, with 
a fall of 19 ft. from front to back. c 

The floors and flats are of hollow coke breeze blocks reinforced and put together 
in accordance with the Hennebique System ; the main staircase^ and the beams carrying 



Trb New Police SrATiON, Goodwick. 


cell walls arii of.reihfqrced concrete, as are also all lintels. The basement floor, 
y»d paying, tt^ -^ltemai .fli^t of steps are of Granolithic' paving. 

The a sergeants* house of eight rooms and conveniences, 

a a single constables’ quarters, etc. 

* ^situated on tl^ ^left of the front, while on the right-hand 
' ; piii the gj;0tjiad floor, a commodious entrance ^ 


in turn, there is an exit ^o the cell 



, ,to the sessions room above, Tor the 
floor, is approached by piibUc 
^ Ifi addition, ta ;thts room, 
aihd efli^ive lighting, there 





COSCRBTE POlilCE^ SWATIONI 


is provi46d a ntiEigistrates^ re^riiig' copiri and witnessed room,^ replete with the 
necessary conveniences and heated by means of radiatoA and piping. 

^Full advantage was taken of the fall m the ground and, as it were, a lower ground 
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REINFORCED CONCRETE DAM AT HONI^AY., FRENCH INDOCHINA. 

Tn^dam, of which we giye a description below, has been designed and built by Mr* 
P. H. Barriere for the Soci^td des Charbonnages du Tonkin, Hongay* 

It retains a total quantity of about eight million gallons of water, the greatest 
height at thF centre being 30 ft. and the total length 160 ft. 

As shown in the drawing, it consists of a continuous reinforced concrete - slab 
^ making an angle of 55° \^th the ground level, its thickness being i ft Jat the base^ and 
* 5 in, at thte top. vlt rests on a series of buttresses 7 ft. apart in the form of reinforced 
concrete triangle frames, the different parts of which are bound togethfer by a vertical 
flab 3J in. at the bottom and 2 in. at the top.. The principal strut carries the lesaltant 

pressure of the^ater to the 
ground, where it is em- 
bedded in the rock, as also 
the base of the inclined slab. 

The outside face of the 
inclined slab was rend^ed 
in cement in. thick, 
and has been found quite 
waterproof. 

The inclined slab has 
been designed with round 
bars top and bottom rein- 
forcenient and bent bars, 
with wa» and wa*, which 
24 12 

formulae have been found 
sufficiently safe, the 
measured deflections of 
the slab being practically 
nil. 

The native labour 
available was entirely un- 
skilled as regards rein- 
forced concrete. 

The structure was 
-jif^designed in aompetition 
with designs to be carried 
out in plain concrete and 
masonry. 

We believe the above 
dam to be the first exe- 
' cuted entirely of reinforced 
concrete in the Far East. 

Tkfi accompanying phot^ 
gi^h shows an artistic 
concrete. bafidatan 4 erected 
mihe village Ctyde^ 

'ICT; ■ ‘ This" b a and 
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fitructed of reinforced concrete, rite reinfoosiirieMt oonstste 
me^,' cross, r^s i in, by 

It HMiy be steted that 'the. jpedfteta^s^ 







IvJpf '^iqr tae.oa frani^ 9 ft. f«wh floor to ceiling. The bandstand is of Done 
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Reinforced Concrete Dam, Hongay. 

• c 

architecture, a hard pine ceiling bejng utilised, with concrete steps made in pjace, and 
4 ft. foundation. All the concrete work was made in the contractor s shop and alloweii 
to cure thirty days before placing. 
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AT HOME AND ABROAD. 

A short stmmsiy of some of the lesding^booksSohidt hove sppesredf daring the test feto tfimths* 


** R^aforcjid^ Coaorat* BHdgaa.'* By 
FradarloK* Rings, M,S.A., C.B. 

Published by Constable & Co., >10 Orange Street, 

• Leicester Square. Price 21/- nit. Sice 11 in.X7t in. 

181 pp. • 

This hook has been written to supply 
information as to the most important 
featuies of bridge design, and containts 
inforn^tion which would be of service to 
those ^requiring prj||:tical help in the 
• examination of designs of bridges and 
arched structures generally ..4^ 

Chapter I. gives Practical ‘>Hi.nts on 
general questions of design, and gives a 
full reprint of the draft regulations of the 
T^AMidon Court tj^ Council with respect to 
the constrCiction of buildings wholly or 
partly of reimforoed concrete. 

Chapter II. deals with Bending Moments 
and Shearing Stresses, and gives par- 
ticular cases of the application of Clapey- 
ron’s Theorem to continuBus beams of 
two, three, and four spans- 

Chapter III. deals very briefly with 
Loads, Wind Pressure, and Temperature 
Stresses. 

It is not stated why the weight of a 
crowd in a town should be taken at 140 
lbs. per sq. ft., and why in rural districts 
the load of a crowd of people may be 
reduced to about 110 lbs. per sq. ft. 

In addition-, it is noted that in town 
bridges a concentrated load of 25 tons must 
allowed for vehicular traffic, and for 
bridges in rural districts the concentrated 
load of 12 tons only is allowed. Are the 
laws of gravity modified in rural districts, 
or are lives less precious there ? 

May it not be desired to carry a heavy 
boiler or transport a heavy gun from one 
town to another across some rural district ? 

In these days of heavy motor traffic 
between main towns the allowance for 
heavy concentrated loads should depend 
upon the character of the road and not 
upon< the question whether the. concen- 
trated load is concentrated in a rural or 
an urban area. 

Chapters IV, to VI. deal with 
beam bridges (as distinct from arched 
bridges), and calculations^ ^ 

Ghapt^s VII. and X* give / 

.many of the famous r^nfo^bed CdrtCrete^ 
bri^^ of the world (chiefly Contlimtal). 
There are many excellent fokjing-jdsite^* 
parts of the book wife most 
helpful to aH persemb laced 
diflScuIties d|F design^ fnasmuid9t^'%s the 
drawings of dctual brides |dve md# hji^ 
aa to how the common di#opUli^ hi^. 


been surmounted by the engineers and ■ 
contractors responsible for. the desijgp and 
execution of the work. • 

Chapter XI. gives. some foirmutie, notes, 
and sundry tables. 

The author has generally ^ppjbetf the 
Standard Notation, introduced by the 
Concrete Institute, W it is to be regretted 
that in translating the investigations 
Prof. Mejan and others the author or 
translator has translated the letterpress, 
but not translated the symbols in the 
equations. (See, for example, page 9a). 

This species of semi-translation is one 
of the most pro-lific causes of chaos in the 
matter of notation. 

Chapter II.- (dealing with Bending 
Moments, Stresses and Strains) is remark- 
able for the fact that most of the defini- 
tions are unusual or inadequate or other- 
wise startling — for example,' it is stated 
that “.the outer forces acting on a struc- 
ture’ causing a movement in its component 
parts are called stresses^ while the inner 
forces resisting that movement and tend- 
ing to hold the component parts in -equili- 
brium are called strains. 

The neutral axis is defined as a layer of 
fibres, 

“ Shearing strain is the action of two 
forces at rigl^ungles to the fibres of the 
piece.’* # 

One wonders why shearing strains only 
act at right angles to the fi^es, and also 
whether the “ actions ” would still be 
shearing strains if the material were like 
concrete — i,e,, non-fibrous. 

Moreover, these two parallel forces 
would appear to be external forces, and 
should therefore be defined as stresses. 
Thus the author would be able to prove^ 
that stresses are strains ; but hts first 
definition Shows that stresses are not 
strains. 

The ^atlthor w^ld be well advised to 
suppi^a .this ps^( 23 ) in future editions, 
lest the a j^ge should mar the 

sale jp a useful and 

^corn’mienjliTOe 






' i ' 

' co«i««te ^tolumns, ji cm. Iquare 

and 1*5 or I metre long, wqre testea, in 
a/MUSon to the compression cubes. The 
ends of the columns, were enlarged and 
strengthened with wire, in grder that 
failure should as far as possible be limited 
to thesmkkile portion. The linear defor- 
mation, and i4 wrie cases also the land- 
ing, was measured by means of mirrcr 
instruments. The principal conclusions 
readied are as follows : — ... 

The inflience of the height, within the 
limits mentioned, is inappreciable when 
the loading is central, but becomes marked 
under eccentric loading. ^ The Austrian 
rules for computation are justified, but the 
allowance for buckling should be made 
according to the regulations of i997» mther 
than the later rules of 1911. 

Dr. von Emperger’s conclusion, that the 
shell of concrete external to the longi- 
tudinal rein-forcement does not share in 
the strength of the column, is not con- 
firmed, and leads to impossible stresses. 
The results on the whole agree well with 
the ordinary assumption that the whole of 
the concrete shares equally in carrying the 
load. , ’ 

The report is a valuable contribution^ to 
the experimental work on this subject, and 
represents a large amount of patient 
labour. 

BookUts of tho Aotoclatod Portland Coment 
Mannfaeturero <1900) Ltd. 

Published at Portland House, Lloyd 's Avenue, London, 
E.C. 

This company have recently published 
several nqjv editions of tlfth; jprious pam- 
phlets, and this gratuitous printed matter 
formed one of the features of their exhibit 
at the recent Buildjng Trades Exhibition. 

Examination of Concrete Aggregates ” 
sets out in a concise, practical, and ctor 
manner various tests which can be applied 




on a 'jdb for testing d>e.aggreglfes toj^ 
used for concrete, special care having been 
taken to avoid and eliminate elaborate and 
technical calculations. The bookfet is 
illustrated showing the various appliances 
used for this work, and permission* 
of the company we reprodude 'their sketch 
of the apparatus used for determining 
whether concAte is giixed in specified 
proportions. 

The literature further includes 

“ Cement Testing , Apparatus,** showing 
the various apparata, etc., used for this 
important investigation work. • 




Apfarutus for Crushino Testi. 

"Cement Testing Affaratus." 

“Portland Cement Memoranda *’ cot- 
tains various extracts and tables which 
appear in the company’s useiful handbook, 
“ Every^y Uses of Portland Cement,” 
ai^ which was fully dealt with t>y^^ ^ 

form^ Issue. . . 

PoKland Cm^nt sets out 


.,c|eady' the,, . 

■■■Am 


between natural ” 
'ortiainid o^nent, 4^ 


i;,,';.; ■'■•i!-;'' ■ MfflPi ;ai» ’ 1 ^ 
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The Concrete Institute. Annual General Meeting.^The feature of the Annual 
General Meeting of the Concrete Institute was the presentation to Mr. Richard L. 
Humphrey, M.lnst.C.E., M.Am.Soc.C.E., of a medal in recognition of his excellent 
Paper on “ Fireproofing.” Mr. E. P. Wells, J.P., who presided, made some compli- 
mentary remarks as to Mr. Humphrey’s useful work on the other side of the Atlantic, 
and Mr. Edwin O. Sachs, F.R.S.Ed., in accepting the medal on behalf of Mr. 
Humphrey, for transmission to the United States,, dwelt on the important r61e that 
concrete was playing and would play in the future in the fire preventive schemes for 
fire preventive building construction at home and in the Colonies. 

The Annual Meeting w£ft followed in the evening by a very successful dinner at the 
Connaught Rooms, some 120 members and friend? attending, and the arrangements 
were both interesting and pleasant.. Inhere was^a, considerable attendance of presi- 
dential officers from other technical societies,, including the Architectural Association, 
the Society of Architects, the Districts Surveyors’ Association, the Institution of Civil 
Engineers, and the Institution of Municipal Engineers, whose President was entrusted 
with the Toast of the evening, namely, “ The Concrete Institute.” 

Other notable visitors present were Mr. W. E. Riley, F.R.l.B.A. (Superintending 
Architect, the London County Council), and Mr. H. Greville Montgomery (Building 
Trades Exhibition); whilst of the Institute’s own officers who supported Mr. Wells, 
there were present of the Vice-Presidents Mr. H. Percy ^ipioulnois, M.lnst.C.E., Mr. 
Edwin O.’ Sachs, F.R.S.Ed., and Mr. F. E. Wentworthoheilds, M.Inst.C.%., and of 

Past-Presidents Sir Henry Tanner, C.B., I.S.O. 

A new feature was the attendance of the Press at this dinner, and the four 
following werefnvited and represented, namely. Engineering,. The Builder, the Central 
News Agency, and this Journal.. ^ 


The International Road Congresn.-'^e , m InternaMial Road Congress 
takes place in London this month (June 23rd to 28th) under thi|H|ispices of the Inter- 
national Commission of Road Congresses. The Congress i#^presentative in the 
truest sense of the term, nearly all the leading country of the world having appointed 
delegates, and practically all the many associa^Ons, etc., dk^y or indirectly* 
interested being represented on the Council. Qu^ons Of the greatest importance 
relating to this far-reaching subject in its manifpld asp^ts will be ffiscussM. We 
give a short summary of the Papers and Communicates which will be brought 
forward. 

B^ore giving this summary we feel it incumbent on us p: of the 

CTcellent organisation and arrangements for this /greieU gie^ieditg, , .1^ 
nieetings for the presentation of papers and di8Cu^^l0il$i , 

'.aiTanged'to different parts to enable ^inembers 

' ■ highwm this' cewintry. - • ' , , , ^ 1 0 vC'-'' ^ 'C 

, ^ , The flowing is a summary of tKe,diferent 
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‘ Conlti 


MBSiORAND^. 


ruction of Macadamised Roads, 

t 


V A 

to <>e Adopted on ‘Bridges, Viaducts, etc.,” 

“ Wood Pacing.” 

SAc1foa\‘2^Tntfic mad Admiaistrapoa,— Under this title we find papers on 
” The Methods of Lighting Public Highways and Vehicles,” ” Obsorvaitions Noted 
Since 1908 as to the Various Causes of Wear and •Deterioration of Roadways,” 
‘‘ Regulatiopi^for Past and Slow Traffic on Roads,” ” Authorities in' Charge the 
Coi^truction and Maintenance of Roads, Functions of Central and Loca|^ Authorities,” 
‘^Tnance of the Consiructfon and Upkeep of lioads;” 

t • • • • • . 

* ^ Sectma 1~ -Construction mad Mmiatenmdcel^ We note that contributions will be 

• made on ‘‘ Tests of Materials,'” ‘‘ Improvements Adapted Since the Second Congress 
in Machinery Used jn the Construction and Maintenance of Macadamised Roads,” 
” Conat-fuctions of Wifterbound Macadamised Roads,” ” Technical and Economic 
Study of the Comparative Advantages of Different Types of Roads,!* ” Various Types 
of Stone Paving in Use.^* 


Section 2—Trmttic mad Administrmtion, — Communications will be made on the 
‘‘ Qufilificjitions of Engineers and Surveyors in Charge of the Construction, and 
M^f/intenance of Roads,” ” Statistics of Coot of Construction and Maintenance,** 
” Terminology Adi>pted or to be Adopted in Each Country Relating to Rt>ad Con- 
S'truotion and Maintenance,** and ’the ” Develoi)ment Since the Second Congress of 
Self-propelled Public Service Vc'hicles..** 

Full jjarticulars of the Congress as to membership, etc,, can be obtained from 
the Hon. Secretary, Mr. W. Rec^s Jeffreys, Road Congress Offices, Quezon Anne*s 
Chiimbers, 28, Broadway, Westminster, S.W. 

Concrete for Repsir Work. — Cement conerdfe was the agent employed lor 
repairing a cracked cylinder casting in an American locomotive shop. According to the 
Railway Gazette, the engine came into the shop with a bad crack in the wall of the 
steam passage in the right-hand cylinder. The crack was high up on the contour of 
the wall and in such a position that it was impossible either to weld or patch it, ana it 
was of sufficient size to lay the engine aside from actual work with the trains it was 
accustomed to haul. As an exj^iment it was decided to fill the cored cavity in the 
cylinder around the cracked wall with concrete, and in carrying this out a hole 2J in. 
diameter was drilled in the front wall at the extreme top of the cavity. A wooden cover 
was fitted across the bottom of the cavity as high up as it could be inserted. A^nixture 
of Portland cement and sand in equal proportions was made and worked into a liquid 
stajf so that it w'ould run easily. About two wheel-barrow loads of this was inserted 
through the hole, nearly filling the cavity. It was allowed five days to stand and the 
engine then went into regular service. Nine months later, when the same locomotive 
came in for a general overhaul, the repair was examined and found to be in perfect 
condition*, no leakage of any kind taking place. It was decided that it was unnecessary 
to renew the cylinder. The same method has been employed for carrying out similar 
tepairs on another locomotive. — Engineer. 

TRADE NOTICES, 


Nmyior*M System of if elo/orcemf 11 Particulars have just reached us of a 
new system of reinforcement. 

This system consists of a lattice bracing formed as shown in the accompanying 
illustration. The bracing, as will be seen, consists of a series of loops carried diagonally 
* and made ^rom one and the same rod, the loops varying from i in. to J in. in diameter. 
ITie loofS and diagonals are continuous, and the loops slip over the top and bottom 
horizontal members of a beam or girder, or the veitical members of a column or pile. 
f It is claimed that* by this means the various bars are fixed rigidly in relation to 
•oiwt another, ~and*are. bound ahsolute^^^ in their psTpper place, amd so are secured front 
any .derangement or displapegMRt, by the riming ^d pjadng of the concrete in the 
, for^ty onpe the reinforcem^^ is, attached. to the hcrizontal or verticsel members.. , ' 

. rt*is further stated that the ^stem lenda itself r^dily to ^nforpement in the ' 
fAn of* a rigid frame for any p^ticukr Kfenm? cotunirt; * gjnfe it bd^ 

possible to make any number of tlTese' fram^es fix them , to any required spieadiig, ^ 




MEMORANDA. ^ I 

Kriefly the advantages claimed for ^is system are : a cpnitinuous bond, the |•ti.nfpr)|^ 
ment is pot displaced during^ construction, all stresses are provided! for, no special w 
patent .bars are required, and, finaJ'iy, that it is econcmical. In the book we have 
bjcfore uS various illustrations arc gi\cn of .the 'dififerent ways in which llvj reinforce- 



ment can be made for beams and girders, and sj>ecial sections are devoted to bc^m 
and column construction. There^are also illustrations of^the application of the system 
to flcxir and bridge construction. 

Full particulars can be obtained from Messrs. Naylor Bros., 23, Esitatc Buildings, 
Huddersfield. • 


BBITISH IMPROVED CONSTRUCTION CO. 

Telephone; 4067 Victorie. LTD. Telegrams: " Biconcrete. Vic, London.” 

• “ B I C ” 

47 VICTORIA STREET, WESTMINSTER, S.VC. 


Manufacturers of all kinds of 

Concrete Constructional Materials . 

(Plain or Bcinforced) 

loMig PIPES. PARTITION AND PAVING 
SiJlBS, SLEEPERS, STANDARDS & POWER 
TRANSMISSION POLES. HOLLOW BEAMS 
AND FLOORS, FENCING POSTS, etc., etc,,* 

I^ die weU^aaown “JAGiGER” PROCESS. 

Engifiexrs* and Otiori cdrritd ou( '"ia > 

— r-, ^ 

Ceiiei^ Plpw for Hii^ P r ew nrae , 

'fpi#: N jji^ i iwienl l^ .^ Oiif^'Cdiiereto lSSAw..per,«alM^^ 












